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This is a Continuation-in-Part of U.S. Patent Application No. 09/621,874, filed My 
21, 2000> entitled: ''Electroholographic Wavelength Selective Photonic Switch For WDM 
Routing", and, claims the benefit of priority of U.S. Provisional Patent Application No. 
60/264,055, filed Jan. 26, 2001 . 

FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to switching and routing optical signals for use in 
optic*il communications and, more particularly, to a method and system for switching and 
routiig, while logically managing and controlling* multichannel optical signals in an 
optic; 1 1 communication system. 

An optical communication system includes terminal equipment, system devices and 
elements, and, interconnecting elements and/or media. In the simplest case, an optical 
signal transmitted from originating terminal equipment, is transferred through an 
interconnecting element or media, such as an optical fiber, to receiving tenninal equipment, 
(has creating an optical connection or coupling between the originating and receiving 
terminal equipment. In a more general case, the optical connection or coupling between 
originating and receiving tenninal equipment is by way of a plurality of interconnecting 
elements or media and system devices and elements, such as optical amplifiers, optical 
switches, optical couplers, and the like, whereby, a plurality of originating and receiving 
term nal equipment is part of the optical communication system. 
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FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to switching and routing optical signals for use in 
1 5 optical communications and, more particularly, to a method and system for switching and 

routing, while logically managing and controlling, multichannel optical signals in an 

optical communication system. 

An optical communication system includes terminal equipment, system devices and 

elements, and, interconnecting elements and/or media. In the simplest case, an optical 
20 signal transmitted from originating terminal equipment, is transferred through an 

interconnecting element or media, such as an optical fiber, to receiving terminal equipment, 

thus creating an optical connection or coupling between the originating and receiving 

terminal equipment, In a more general case, the optical connection or coupling between 

originating and receiving terminal equipment is by way of a plurality of interconnecting 
25 elements or media and system devices and elements, such as optical amplifiers, optical 

switches, optical couplers, and the like, whereby, a plurality of originating and receiving 

terminal equipment is part of the optical communication system. 
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■ In an optical communication system, an optical communication channel is in the 
form of a light beam, associated with a earner wave characterized by controllable, 
detectable, and, measurable, parameters such as wavelength and frequency. The light beam 
propagates in a medium such as an optical fiber, with the carrier wave featuring modulation 

5 ia time according to the data carried by the channel, Such an optical communication 
channel is also referred to as an optical fiber communication channel. In wavelength 
division multiplexing (WDM), each of a plurality or multiple of K channels associated with 
a different carrier wave characterized by a corresponding (carrier) wavelength and (carrier) 
frequency, is carried by the same optical fiber. In the current state of the art, such a 

10 multichannel WDM link can have a plurality of up to 160 channels, characterized by K 
discrete wavelengths separated by a wavelength difference, delta X, which may correspond 
to a frequency separation as small as 25 GHz, and maybe even less in the future. 

Holographic optical elements and volume holograms have been used recently for 
two dimensional steering of light beams in optical interconnect networks, especially for 

1 5 highly parallel computer interconnects. However, such systems have generally relied, at 
least in the case of volume holograms, either on the use of a number of fixed holograms, 
the desired one of which is reconstructed using a reference beam selected by means of its 
wavelength or direction of incidence, or on the rewriting of the desired hologram in real 
time immediately before each steering action to be performed. Therefore, such holograms 

20 are not directly electrically switchable, and thereby do not provide for simple system 
construction and high speed operation. 

With the increase of the bit throughput rate in optical fiber communication systems 
by using WDM, cost effective light sources with vety narrow spectral linewidths have been 
developed. The development of such lasers for optical communications has enabled the 

25 use of volume (thick) holograms as routing devices. Because such holograms are 
inherently extremely wavelength selective, their use had not previously been feasible 
commercially. The use of thick holograms now enables the routing of different WDM 
communication channels to different destinations in the same communication network, and 
thus allows three dimensional steering, However, to date, optical switches based on the use 

30 of prior art holograms, which are not directly electrically switchable, have not shown 
sufficient speed, nor do they possess sufficiently low cross-talk levels, to enable their use in 
optical communication systems currently in use or under development. 
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* Electroholography is a generic beam switching technique based on controlling the 
diffraction from volume gratings by means of applying an electric field to the medium 
containing the grating. Electroholography can be implemented by the voltage controlled 
photorefractive (PR) effect realized in paraelectric photorefractive crystals wherein the 

5 electro-optic effect is quadratic. Here, the grating is initially stored in the medium in the 
form of a photorefractive space charge, that induces an induced polarization grating and is 
consequently transformed by the quadratic electro-optic effect into an index of refraction 
(birefringence) grating when an electric field is applied to the medium. Alternatively, 
Electroholography can be implemented by the dielectric photorefractive effect where the 

10 grating is initially stored in the form of a grating of the dielectric constant, and is 
transformed by the quadratic electro-optic effect into an index of refraction (birefringence) 
grating when an electric field is applied to the medium. In the latter case the dielectric 
grating can be produced by the generation of a spatial variation of the chemical 
composition in the crystal that induces a spatial variation of the phase transition 

1 5 temperature. 

In PCT International Patent Application Publication No, WO 00/02098, of PCT 
Patent Application No, PCT/IL99/00368, and, in co-filed U.S. Patent Application No. 
09/348,057, each taking priority from IL Patent Application No. 125,241, filed July 6, 
1998, by a same inventor of the present invention, there is disclosed an 

20 "Electro-Holographic Optical Switch 11 , the teachings of which are incorporated by reference 
as if fully set forth herein, The disclosed 'electroholographic (EH)', hereinafter, 
equivalently referred to as Electroholography (EH) based 1 , optical switch is particularly 
useful in optical communications* Electroholography enables the activation process of 
'latent* volume holograms to be controlled by means of an externally applied electric field. 

25 Electroholography is based on the use of the voltage controlled photorefractive effect in the 
paraelectric phase, where the electro-optic effect is quadratic. 'Latent' volume holograms 
stored as a spatial distribution of space charge in a paraelectric crystal can be activated by 
the application of an electric field to the crystal, This field activates prestored holograms 
which determine the routing of data carrying light beams. 

30 Implementation of Electroholography (EH) based devices requires use of a 

paraelectric photorefractive crystal with suitable properties, such as potassium tantalate 
niobate (KTN), strontium barium niobate (SBN), or especially potassium lithium tantalate 
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niobatt (KXTN), as taught by Hofineister et al. in U.S. Patent Nos. 5,614,129 and 
5,785,898, which are incorporated by reference for all purposes as if fully set forth herein. 
KLTN doped with copper and vanadium is particularly suitable for use as the medium for 
Electroholography based devices. Unlike conventional holographic memory components 
5 based on conventional photorefractive crystals, which can be written and read only in the 
visible, Electroholography based devices featuring KLTN and similar materials can be 
operated in the near infra-red regions of the spectrum, including at 1.3 yin and 1,55 ym, 
wavelengths which are now commonly used in standard communication systems. 

FIGS. 1 A and IB, from PCT Pat. AppL Publication No. WO 00/02098 and co-filed 
10 U.S. Pat, Appl. No, 09/348,057, schematically illustrates the two states of an 
Electroholography based 1 x 2 (that is, one input of an entering optical signal and two 
outputs of exiting diverted and non-divcrtcd optical signals) switch 100 featuring a single 
paraelectric photorefractive crystal 10 incorporating a prestored holographic grating, A 
paii of electrodes 12 and 14 is deposited on two opposite faces of crystal 10. Paraelectric 
1 5 photorefractive crystals 10 could be of a material such as KTN, SBN, or especially KLTN. 
When a voltage V, is applied across electrodes 12 and 14, a spatial modulation of the 
refractive index of crystal 10 is produced from the spatially modulated space charge field, 
set up according to information carried by the volume hologram previously written into 
crystal 10. Thus, a diffraction grating 17 is effectively established in crystal 10 by 
20 application of the voltage difference V to electrode pair 12 and 14. 

FIG. 1A shows one state of switch 100 activated by applying a voltage V 0 (that is, 
V=V 0 ) to crystal 10. In this state, an optical signal input along a path 16 passes to an 
output port 18. In this case, residual power remaining in the input beam passes to an output 
port 20, FIG. IB shows the second state of switch 100. Here, a zero voltage (that is, V=0) 
25 is applied to crystal 10. Here, the optical signal input along a path 16 passes to an output 
port 20. In both states, optical signals carried on channels whose carrier wavelengths X are 
not affected by grating 17 (as determined by the Bragg condition) pass unswitched to port 
20. A photodctector 21 may be placed in the optical path defined by port 20, in which case 
residual power remaining after input beam 16 traverses switch 100 is used for management 
30 and monitoring purposes, as described in detail in PCT Publication No. WO 00/02098. 
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' FIGS, 1C and ID, also from PCT Pat. Appl. Publication No. WO 00/02098 and 
co-filed U.S. Pat, Appl. No. 09/348,057, schematically illustrates the two states of 
Electroholography based 1x2 switch 100 that is based on two paraelectric photorefractive 
crystals 10 and 11. Each crystal 10 or 11 incorporates a prestored holographic grating, with 
5 electrode pair 12 and 14 deposited on two opposite faces of crystal 10 and electrode pair 13 
and 15 deposited on two opposite faces of crystal 11, Paraelectxic photorefractive crystals 
10 and U could be of a materied such as KTN, SBN, or especially KLTN. When a voltage 
V 0 , is applied to either of the two pairs of electrodes 12 and 14 and 13 and IS, a spatial 
modulation of the refractive index of the respective crystal is produced from the spatially 
10 modulated space charge field, set up according to the information carried by the volume 
hologram previously written into ciystal 10 or 11. Thus, a diffraction grating (17 in crystal 
10, or 19 in crystal 11) is effectively established in crystal 10 or 11 by the application of the 
voltage to the electrode of the respective crystal. 

FIG. 1C shows one state of switch 100 activated by applying a voltage V 0 (that is, 
O 1 5 V^Vo) to crystal 10 and zero voltage (that is, V 2 *0) to crystal 11. In this state, an optical 
signal input along a path 16 passes to an output port 18. FIG. ID shows the second state of 
m switch 100. Here, a zero voltage (that is, V x =0) is applied to crystal 10 and voltage V 0 (that 

;? .fj is, V2 35 Vo) is applied to crystal 11. Here, the optical signal input along a path 16 passes to 

f U an output port 20, In both cases, residual power remaining in the input beam is blocked by 

20 a block 21. Block 21 may be replaced by a photodetector, in which case residual power 
H : remaining after input beam 16 traverses switch 100 is used for management and monitoring 

; !J purposes, as described in detail therein, If Vj and V 2 axe both set equal to Vo, then part of 

S3 the optical signal is diffracted to output port 18, and the residual, that is not diffracted to 

H ft 2 

output port 18, is diffracted to output port 20. If diffraction gratings 17 and 19 are set up 
25 with different grating spacings, to diffract light of different wavelengths, then switch 100 
of FIGS. 1C and ID functions as two switches 100 of FIGS. 1A and IB configured in 

series. 

As taught in PCT Pat Appl Publication No. WO 00/02098 and in co-filed U.S. Pat. 
Appl. No. 09/348)057, and references therein, the mechanism by which the 
30 Electroholography based optical switch operates is based on the use of the voltage 
controlled photorefractive (PR) effect, as further described by A. J. Agranat, V. Leyva and 
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A. Yariv in "Voltage^controlled photorefractive effect in paraelectric KTa 1 .xNbx0 3 CuV" J 
Optics Letters, vol. 14 pp. 1017-1019 (1989). The photorefractive effect enables the 
recording of optical information in a crystal, by spatially modulating its index of refraction 
in response to light energy it absorbs, The absorbed light photoionizes charge carriers from 
5 their traps to the conduction band (electrons) or the valence band (holes). The 
photoionized charge carriers are transported and eventually retrapped, forming a space 
charge field spatially correlated with the exciting illumination, and inducing a modulation 
in the index of refraction through the electrooptic effect. This mechanism is the basis for 
information storage in the form of phase holograms that can be selectively retrieved by 

1 0 applying the reconstructing (reading) light beam at the appropriate wavelength and angle. 

It has also been shown possible to introduce dipolar holographic gratings into 
photorefractive crystals by the introduction of a spatial modulation of the low frequency 
dielectric constant. This effect has been described by A. J. Agranat, M Razvag and M. 
Balberg in "Dipolar holographic gratings induced by the photorefractive process in 

15 potassium lithium tantaiate niobate at the paraelectric phase", Journal of the Optica! 
Society of America 5, vol, 14 pp. 2043-2048 (1997), In the paraelectric phase, the 
efficiency of these effects can be controlled by applying an external electric field on the 
crystals during the reading (reconstructing) stage, Electroholography (EH) is based on this 
capability. 

20 As indicated above, the physical basis of Electroholography is the voltage 

controlled photorefractive (PR) effect. In general, the PR effect enables the recording of 
optical information in a crystal, by spatially modulating the index of refraction of the 
crystal in response to light energy that the crystal absorbs. In its simplest form the 
photorefractive effect is initiated by illuminating a crystal with the interference pattern of 

25 two mutually coherent beams. The absorbed light photoionizes charge carriers from their 
traps to the conduction band (electrons) or the valence band (holes), The photoionized 
charge carriers are transported and eventually retrapped, forming a space charge field that 
is spatially correlated with the exciting illumination, and inducing a modulation in the 
index of refraction of the crystal through the electrooptic effect. In most photorefractive 

30 (PR) crystals the electrooptic effect is linear, However, in PR crystals at the paraelectric 
phase the electrooptic effect is quadratic, whereby an applied external field controls the 
diffraction efficiency of the holographic grating induced by the space charge. The use of 



the quadratic electrooptic effect enables analog control of the reconstruction of the 
previously written information 

KLTN is a photorefractive crystal designed to be operated in the paraelectric phase, 
where the photorefractive effect is voltage controlled. Composition and method of 
5 production of this crystal are described in previously cited U.S. Patent Nos. 5,614,129 and 
5,785,898. The preferred chemical composition of the KLTN crystal used in switch 100, of 
FIGS. I A - ID, is Ko^Uo.oossTao.ssNbossOa. The phase transition temperature of the 
KLTN crystal used, as determined by measurement of the temperature dependence of the 
dielectric constant, is Tc = 26 °C. In order to improve performance of the crystal, prior to 

10 writing the holograms, the crystals are subjected to a poling process in which they are 
gradually cooled at 0.5 °C/minute fiom about 40 °C to about 10 °C under an external field 
of 2,1 kV/cm, and then wanned up to the operational temperature at the same rate. During 
operation, the crystal is held at 32 °C, which is 6 °C above its phase transition temperature, 
well within the paraelectric phase. The temperature is maintained by means of a stabilized 

1 5 thermoelectric element (not shown) in juxtaposition to crystals 10 and 11, 

In PCT International Patent Application Publication No. WO 01/07946, of PCT 
Patent Application No. PCT/IL00/00426, and, in co-filed U.S. Patent Application No. 
09/621,874, each talcing priority from EL Patent Application No. 131,118, filed July 26, 
1999, by a same inventor of the present invention, there is disclosed an "Electroholographic 

20 Wavelength Selective Photonic Switch For WDM Routing", the teachings of which are 
incorporated by reference as if fully set forth herein, Therein, in FIG. 2 (also included 
herein), is a schematic diagram illustrating operation of the basic embodiment of the 
switching and routing device 110, featuring a matrix configuration of four 
Electroholography based switches, each featuring a single paraelectric photorefractive 

25 crystal incorporating a prestored holographic grating. As described therein, in general, 
device 110 is for switching and routing light of any of a plurality of discrete wavelengths to 
any of a plurality of output conduits, and includes an Elcctroholography based switch, for 
each wavelength and for each output conduit, for switching a controllable portion of the 
light of each wavelength to each output conduit, where the Elcctroholography based 

30 switches of a common output conduit are optically coupled, and, where the 
Elcctroholography based switches of a common wavelength are optically coupled. 
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- Referring to FIG. 2, device 110 receives a plurality of concurrent WDM data 
streams from an input optical fiber 102. The two data streams whose carrier wavelengths 
are and Xi are partially or totally diverted to output optical fibers 104a and 104b. The 
remainder of the input data streams continues undiverted into common output optica] fiber 

5 106. Device 110 includes two wavelength specific filters 112a and 112b and four 
switches, each switch analogous to switch 100 previously described above with reference 
to FIGS, 1A - IB, switch lOOaa, switch lOOab, switch lOOba and switch lOObb, arranged 
in a matrix as shown. Filter 112a diverts the data stream whose carrier wavelength is Xi to 
switches lOOaa and lOOba, Filter 112b diverts the data stream whose carrier wavelength is 

10 to switches lOOab and lOObb. Filters 112 are demultiplexing narrow band filters, for 
example, interference filters or Bragg grating filters, Such filters are well known in the art, 
and are used, for example, in the DWDM IF series of demultiplexers available from E-TEK 
Dynamics, Inc. San Jose, Calif, USA. Alternatively, filters 112 are photorefractive 
crystals, such as crystals 10 and 11, with diffraction gratings such as gratings 17 and 19 

15 incorporated therein and activated by appropriate voltages to provide nearly full diversion 
of their respective data streams, 

In FIG. 2, switches 100 are illustrated as being positioned in a square grid. In 
genera], the grid is oblique, with the grid angles and the grating spacings of the holographic 
gratings of switches 100 chosen, in accordance with the Bragg condition, so that switches 

20 lOOaa and lOOba act only on light in a narrow band of wavelengths (narrower than AX) 
around carrier wavelength k\ and pass light of all other wavelengths, and so that switches 
lOOab and lOObb act only on light in a narrow band of wavelengths around carrier 
wavelength Xi and pass light of all other wavelengths. In the preferred embodiment of 
device 110, the grid is in fact square (or, more generally, rectangular, whereby the grid 

25 angle is 90°), in order to obtain as compact a device 110 as possible and to simplify the 
manufacture of device 110 with regard to issues such as alignment and collimation. The 
grating spacings of the holographic gratings are chosen to obtain Bragg angles of 45° 
relative to the corresponding wavelengths. 

By appropriately adjusting the voltages applied to switches lOOaa and lOOba, the 

30 data stream of carrier wavelength X\ is diverted to any desired degree, from no diversion to 
almost total diversion, to either or both of output optical fibers 104. Similarly, by 
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appropriately adjusting the voltages applied to switches lOOab and lOObb, the data stream 
of carrier wavelength X 2 is diverted to any desired degree, from no diversion to almost total 
diversion, to either or both of optical fibers 104, The diversion of the data stream of carrier 
wavelength h is totally independent of the diversion of the data stream of carrier 

5 wavelength X2. Either output optical fiber 104 may receive only the data stream of carrier 
wavelength X u only the data stream of carrier wavelength Xi, both data streams or neither 
data stream. Switches lOOab and lOObb have no effect on the data stream of wavelength 
X h so that the data stream of wavelength X\ passes unaffected through switches lOOab and 
lOObb. Thus, each row of switches 100 in device 110 functions as an optical coupler, b a 

10 preferred embodiment of device 110, all four switches 100 are fabricated in the same 
photorefractive crystal, 

In the disclosure of PCT Pat. Appl. Publication No, WO 01/07946 and of co-filed 
U.S. Pat. Appl No. 09/621,874, there is described various alternative embodiments of 
device 110 for variably switching and routing the WDM data streams from input optical 

1 5 fiber 102, several of which arc briefly summarized as follows. 

In the first alternative embodiment of device 110, the columns of switches 100 end 
in detectors that receive light of wavelengths X\ and X 2 not diverted by switches 100. 
These detectors convert the undiverted light to electrical voltages that are proportional to 
the intensities of the undiverted light These detectors typically are integrated in electronic 

20 devices that perform system functions such as error detection, network monitoring and 
analysis, and data monitoring and analysis. In the second alternative embodiment of device 
110, the columns of switches 100 end in additional Electroholography based switches for 
diverting the light of wavelengths X\ and %i not diverted by switches 100 to a common 
uplink conduit. In third and fourth alternative embodiments of device 110 a mechanism is 

25 included for verifying that switches 100 actually switch the data streams as intended. In the 
third alternative embodiment, a diversion mechanism such as a beamsplitter or yet another 
Electroholography based switch intervenes between eaoh row of switches 100 and the 
corresponding output optical fiber 104. The diversion mechanism diverts a preferably 
controllable portion of the light emerging from that row of switches 100 to a detector. In 

30 the fourth alternative embodiment of device 110, each column of switches 100 is provided 
with a light source that emits coherent light at a wavelength other than the wavelength 
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switched by that column of switches 100, This light also is diverted, at least partially, by 
the holographic gratings of switches 100 of that column, but in a direction other than the 
row direction, to be detected by appropriate detectors. 

In the same disclosure, there is also described compound devices based on 

5 operatively combining the above described alternative embodiments of the basic device 
110 as modules, several of which are briefly summarized as follows, 

In the first compound device, for increasing the number of output ports, based on 
two modules the second module lacks filters 112, and the light not switched by the 
columns of switches 100 of the first module goes directly to the columns of switches 100 

10 of the second module, to be switched, entirely or in part, to output optical fibers 104 of the 
second module. In the second compound device, also for increasing the number of output 
ports, also based on two modules, the first module is one of the alternative embodiments, 
described above, in which the columns of switches 100 end in additional 
Electroholography based switches that divert the light emerging from the columns to a 

1 5 common uplink conduit The uplink conduit then serves as input conduit 102 of the second 
module. In the third compound device, for increasing the number of wavelengths operated 
upon, also based on two modules, both modules are the enhanced module, described above, 
in which the columns of switches 100 end in additional Electroholography based switches 
that divert the light emerging from the columns to a common uplink conduit, and the 

20 uplink conduit is shared by both modules. In addition, the rows of switches 100 of the two 
modules are coupled into common output optical fibers 104, either by optically coupling 
the rows of switches 100 of the first module to the rows of switches 100 of the second 
module, or by joining output optical fibers 104 of the first module to output optical fibers 
104 of the second module at y-junctions. In the fourth compound device, based on several 

25 modules, each with its own input optical fiber 102, corresponding output optical fibers 104 
of the various modules lead to common couplers. The inputs of each coupler then are 
combined into a common output fiber leading from that coupler. In the fifth compound 
device, based on two modules, the first module has an equal number of rows and columns 
of switches 100, and the output conduits of the first module are not optical fibers 104» but 

30 instead are transponders, each of which converts input light into similar light at a respective 
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output wavelength. Each transponder is optically coupled to a respective column of 
switches 100 of the second module. 

In the same disclosure, there is also described an add-dxop multiplexer, including a 
drop module and an add module, for removing data streams at earner wavelengths X\ and 
5 X 2 , from a collection of concurrent data streams that include data streams at these and other 
wavelengths, and substituting for them other data streams at carrier wavelengths \ { and Jt 2> . 
Ouiput optical fibers 104 of the drop module are diversion conduits that cany the data 
streams being dropped to their respective destinations. The add module receives the 
surviving data streams from the drop module, and also receives input from substitution 

10 conduits that cany substitution data streams at their respective carrier wavelengths, X\ or 
X* The substitution data streams are merged with the input from the drop module using 
optical components such as y-junctions, or, alternatively using Electroholography based 
switches in a manner similar to that used in the second alternative embodiment of device 
1 10 to merge undiverted light of wavelengths Xi and Xi to a common uplink conduit, 

15 In the same disclosure, there is also described a holographic tap for power 

management, by diverting portions of selected channels from a common optical fiber, using 
Electroholography based switches 100 specific to the carrier wavelengths of the selected 
channels. The diverted light is converted to electronic signals by suitable detectors, and the 
signals are used for optical communication system management functions. For example, in 

20 a holographic tap downstream from an amplifier, voltages applied to switches 100 are 
adjusted to equalize the powers in the tapped channels. 

The wavelength specific photonic switching and routing technology disclosed in 
PCT Pat, AppL Publication No, WO 01/07946 and in co-filed U.S. Pat. Appl. No. 
09/621,874, provides a way to readily 'access' a variety of optical transmissions of an 

25 optical communication system without intervening the all optical data path of the system. 
This is performed by using the residual Cleft-over') signal from the switching of the optical 
signals in the Electroholography based switches, where the residual signal is a well defined 
portion of an original, single, optical signal, so it can be used to restore characteristics of 
the original signal for network management analysis, and, for network control, However, 

30 the invention of that disclosure is notably limited with respect to several significant aspects 
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of switching and routing, while logically managing and controlling, a plurality of optical 
signals in a multichannel optical communication system. 

In a first notably limiting aspect, therein is described switching and routing a single 
optical signal associated with a plurality of channels at a single input conduit or port only, 
that is input conduit or port 102 of each matrix or module 110 (FIG. 2) without describing 
switching and routing of a plurality or multiple of optical signals associated with a 
corresponding plurality or multiple of channels at a plurality or multiple of input conduits 
or ports, as is typical of commercial optical communication systems, 

In a second notably limiting aspect, therein are described various different 
embodiments of using Eleotroholography based optical switches only, that is, 
Elecuoholography based switches 110 (FIG, 2), based on Eleotroholography based switch 
100 (FIGS, 1A and IB), where, in feet, currently operational commercial optical 
communication systems feature various types of optical switches for switching and routing 
multichannel optical signals. 

In a third notably limiting aspect, therein are described management of specific 
signals only, that is, management of residual or left-over signals, and/or, management of 
input and output signals specifically for power management. In particular, according to 
that disclosure, a residual signal can be diverted to an output conduit as an optical signal 
and/or converted to electrical signals by a detector for performing power, error, and, data, 
analysis. Such a residual signal can be analyzed by system management devices for 
determining the efficacy of signal transmission. In actual commercial optical 
communication systems, there is a need for variably 'logically' managing and controlling 
different types of optical signals at any number of various transmission and/or reception 
points within the system, and, not limited to only managing residual or left-over and/or 
input and output signals for power management 

In a fourth notably limiting aspect, therein is limited description relating to only 
specific component configurations and architectures of the management of optical signals 
of the system. 

In additional notably limiting aspects, therein is described various different 
embodiments of using optical switching and routing matrix or module 110 (FIG. 2) for 
specific applications only, with respect to matrix or module architecture, wavelength 
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density and resolution of cross-talk of optical signals, and, adding and dropping of optical 
signals. 

Overcoming each of these notably limiting aspects with respect to switching and 
routing multichannel optical signals in an optical communication system, requires the 
5 introduction of sophisticated new and enabling methodology and system features, which 
are not obviously derived from prior art, In general, and, not obviously derived from the 
invention disclosed in PCT Pat Appl, Publication No. WO 01/07946 and in co-filed U.S. 
Pat. Appl. No, 09/621,874, in particular, 

There is thus a need for, and it would be highly advantageous to have a method and 
10 system for switching and routing, while logically managing and controlling, multichannel 
optical signals in an optical communication system. 

SUMMARY OF THE INVENTION 

The present invention relates to a method and system for switching and routing, 
15 while logically managing and controlling, multichannel optical signals in an optical 
communication system. 

The present invention provides a sophisticated new and inventive way to readily 
'access' a variety of multichannel optical transmissions in an optical communication system 
without intervening the all optical data path of the system, by way of logically' managing 
20 and controlling the switching and routing of the multichannel optical signals in the optical 
communication system. 

The present invention provides a method and system for switching and routing, 
while logically managing and controlling, a plurality or multiple of optical signals 
associated with a corresponding plurality or multiple of channels at a plurality or multiple 
25 of input conduits or ports, as is typical of commercial optical communication systems. 

The present invention is readily implemented by using Electroholography based 
optical switches, as well as by using other types of optical switches. 

The present invention provides a method and system for variably and logically 
managing and controlling different types of optical signals at any number of various 
30 transmission and/or reception points within the system, and, is not limited to only 
managing residual or left-over and/or input and output signals for power management. 
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- The present invention provides unique and inventive embodiments relating to 
optical package (OP) array architecture for switching and routing of the multichannel 
optical signals in an optical communication system, switching and routing functions such 
as grouping wavelengths, multicasting wavelengths, adding and/or dropping single 
5 wavelengths, adding and/or dropping groups of a plurality of wavelengths, converting 
wavelengths, restoring wavelengths, and, supporting increased wavelength density while 
maintaining cross- talk between neighboring channels within an acceptable range. 

Additionally, the present invention provides unique and inventive configurations 
and architectures of the logical management and control of the switching and routing of the 
1 0 multichannel optical signals in an optical communication system, 

Thus, according to the present invention, there is provided a method for switching 
and routing, while logically managing and controlling* multichannel optical signals in an 
optical communication system, comprising the steps of; (a) providing an optical package 
(OP) array as an array of H rows by W columns, denoted as an [H x W] dimensioned OP 
1 5 array, of (i) optically connected optical switch (OS) elements, wherein an optical switch 
(OS) element at a row h and a column w, for h = 1 to H, and, w ~ 1 to W, respectively, is 
denoted as OS(h,w), (ii) optically connected left input ports and bottom side input ports, 
and, (iii) optically connected right output ports and top side output ports, whereby each 
optical switch (OS) element is a device dynamically activated by an external control and 
20 features characteristics of: (1) selectivity to a particular wavelength, X; (2) when the optical 
switch (OS) element is not activated, the optical switch (OS) element is transparent, by 
inducing very small loss, to light in a wavelength range of a multichannel optical signal; 
and (3) when the optical switch (OS) element is activated, then part of the light at a 
particular wavelength, X, is diverted at a pre-detcimined angle, whereby percentage of the 
25 light diverted compared to percentage of the light not diverted is a function of level of 
activation of the optical switch (OS) element, and, whereby the activated optical switch 
(OS) element is transparent to all other wavelengths; and (b) providing a management and 
control logic mechanism (MCLM) operatively connected to the optical package array, for 
logically managing and controlling the switching and routing of the light entering and 
30 exiting the optical switch (OS) elements via the optically connected left side input ports 
and bottom side input ports, and, via the optically connected right side output ports and top 
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side output ports, and, for preventing a conflict of routing components with a same 
wavelength, X, of the optical signals from different input ports to a same output port. 

According to another aspect of the present invention, there is provided a system for 
switching and routing, while logically managing and controlling, multichannel optical 

5 signals in an optical communication system, comprising: (a) an optical package (OP) array 
as an array of H rows by W columns, denoted as an [H x W] dimensioned OP array, of (i) 
optically connected optical switch (OS) elements, wherein an optical switch (OS) element 
at a row h and a column w, for h = 1 to H, and, w ~ 1 to W, respectively, is denoted as 
QS(h,w), (ii) optically connected left side input ports and bottom side input ports, and, (iii) 

10 optically connected right side output ports and top side output ports, whereby each optical 
switch (OS) element is a device dynamically activated by an external control and features 
characteristics of: (1) selectivity to a particular wavelength, X\ (2) when the optical switch 
(OS) element is not activated, the optical switch (OS) element is transparent by inducing 
very small loss, to light in a wavelength range of a multichannel optical signal; and (3) 

1 5 when the optical switch (OS) element is activated, then part of the light at a particular 
wavelength, X, is diverted at a pre-determined angle, whereby percentage of the light 
diverted compared to percentage of the light not diverted is a function of level of activation 
of the optical switch (OS) element, and, whereby the activated optical switch (OS) element 
is transparent to all other wavelengths; and (b) a management and control logic mechanism 

20 (MCLM) operatively connected to the optical package array, for logically managing and 
controlling the switching and routing of the light entering and exiting the optical switch 
(OS) elements via the optically connected left side input ports and bottom side input ports, 
and, via the optically connected right side output ports and top side output ports, and, for 
preventing a conflict of routing components with a same wavelength, X, of the optical 

25 signals from different input ports to a same output port. 

According to further features in preferred embodiments of the invention described 
below, the optical package (OP) army features characteristics of: (1) the light may travel by 
entering and/or exiting along the rows and/or along the columns of the optical package 
(OP) array, whereby (I) the light may enter a row h at left side of the optical package (OP) 

30 array via a corresponding left side input port, (H) the light may enter a column w at bottom 
side of the optical package (OP) array via a corresponding bottom side input port, (IH) the 
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light may exit from a row h at right side of the optical package (OP) array via a 
corresponding right side output port, and, (IV) the light may exit from a column w at top 
side of the optical package (OP) array via a corresponding top side output port; and (2) the 
light diverted by a particular optical switch (OS) element is grouped with other light 
5 entering same optical switch (OS) element and traveling in a same direction as the diverted 
light, 

According to further features in preferred embodiments of the invention described 
below, the optical package (OP) array features additional characteristics of: (3) all the 
optical switch (OS) elements in a column w are selective to a specific wavelength, X*; (4) 

1 0 when the light traveling in a row h hits an active optical switch (OS) element in a column 
w, at least a portion of X* component of the light is diverted upwards, joining any other 
light traveling in the same column; and (5) when the light traveling in a column w hits an 
active optical switch (OS) element in a row h, at least a portion of the K, component of the 
light is diverted to the right side, joining any other light traveling in a same row. 

1 5 According to further features in preferred embodiments of the invention described 

below, each optical switch (OS) element is a voltage controlled Electrobolography based 
optical switch- 
According to further features in preferred embodiments of the invention described 
below, a plurality of the optical package (OP) arrays are used as optical package (OP) 

20 building blocks, OPBBs, for forming a scaled-up optical package (OP) array featuring P*Y 
rows and Q*X columns of the OS elements, wherein each OP building block, OPBB(p,q), 
for p » 1 to P, and q = 1 to Q, is composed of Y rows and X columns of the OS elements, 
and, whereby the OPBBs arc chained according to: for p = 1 to P-l> and, q = 1 to Q-l, all 1 
to the Y rows at right side of the OPBB(p,q) are optically connected to corresponding rows 

25 at left side of OPBB(p,q+l), and, all 1 to the X columns at top side of the OPBB(p,q) are 
optically connected to corresponding columns at bottom side of OPBB(p+l,q), 

According to further features in preferred embodiments of the invention described 
below, a plurality of the optical package (OP) arrays are used for forming an all optical 
cross connect (AOXC) chained optical package (COP) architecture featuring a three 

30 dimensional [NxMxK] array of the optical package (OP) arrays, where the N is number 
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of input fibers, the M is number of output fibers, and, K is number of wavelengths X k> for 
k - 1 to K, per fiber operated upon by the AOXC COP architecture. 

According to further features in preferred embodiments of the invention described 
below, not all the K wavelengths operated upon by the AOXC COP architecture must be 
5 present in each fiber. 

According to further features in preferred embodiments of the invention described 
below, each fiber may cany additional wavelengths other than the K wavelengths, the 
additional wavelengths may be different in the fibers. 

According to further features in preferred embodiments of the invention described 
10 below, the AOXC COP architecture has two sets of optional components: (1) 
N input-residuals output fibers, where each input-residuals output fiber n, for n - 1 to N, is 
optically connected to a corresponding input-residuals output port n of the AOXC COP 
architecture, for canying portions of the optical signals from the input fibers that do not 
undergo switching, and, (2) M output-grouping input fibers, where each output-grouping 
1 5 input fiber m, for m • 1 to M, is optically connected to a corresponding output-grouping 
input port m of the AOXC COP architecture, for carrying the optical signals into the output 
fibers from sources other than from the input fibers. 

According to further features in preferred embodiments of the invention described 
below, the AOXC COP architecture further includes a set of output signals, denoted as U 
20 leftover signals, optionally used for the logical management and control purposes by the 
logical management and control mechanism. 

According to further features in preferred embodiments of the invention described 
below, the AOXC COP architecture is independently extendable in three dimensions, to a 
[N r x M 1 x K'] AOXC COP architecture, where the N 1 is equal to or greater than the N, the 
25 M f is equal to or greater than the M, and, the K' is equal to or greater than the K. 

The present invention successfully overcomes all of the previously described 
notable limitations of presently known techniques for switching and routing multichannel 
optical signals in an optical communication system. 



30 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with reference to the 
accompanying drawings. With specific reference now to the drawings in detail, it is 
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stressed that the particulars shown are by way of example and for purposes of illustrative 
discussion of the preferred embodiments of the present invention only, and are presented in 
the cause of providing what is believed to be the most useful and readily understood 
description of the principles and conceptual aspects of the invention. In this regard, no 

5 attempt is made to show structural details of the invention in more detail than is necessary 
for a fundamental understanding of the invention, the description taken with the drawings 
making apparent to those skilled in the art how the several forms of the invention may be 
embodied in practice. In the drawings: 

FIGS. 1A - ID (prior art) is a schematic diagram illustrating operation of an 

10 Electroholography based optical switch featuring one or two paraelectric photorefractive 
crystals each incorporating a prestored holographic grating, as disclosed in PCT Pat. Appl. 
Publication No. WO 00/02098 and in co-filed U.S. Pat. Appl. No. 09/348,057; 

FIG. 2 (prior art) is a schematic diagram illustrating operation of the basic 
embodiment of the switching and routing device, featuring a matrix configuration of four 

15 Electroholography based switches of FIGS. 1A - IB, each featuring a single paraelectric 
photorefractive crystal incorporating a prestored holographic grating, as disclosed in PCT 
Pat. Appl. Publication No. WO 01/07946 and in co-filed U.S. Pat Application. No, 
09/621,874; 

FIG. 3 is a schematic diagram illustrating an exemplary preferred embodiment of 
20 the basic system of the present invention featuring an optical package (OP) array of optical 
switch (OS) elements, input ports and output ports, and, a management and control logic 
mechanism (MCLM), used for forming the general embodiment of the extendable all 
optical cross connect (AOXC) chained optical package (COP) architecture, and, different 
specific embodiments of extendable all optical cross connect (AOXC) chained optical 

2 5 package (COP) architectures, in accordance with the present invention; 

FIG. 4 is a schematic diagram illustrating an exemplary preferred embodiment of a 
scaled-up system of the present invention featuring a plurality of the basic optical package 
(OP) array of optical switch (OS) elements, input ports and output ports, and, a 
correspondingly scaled-up management and control logic mechanism (MCLM), in 

3 0 accordance with the present invention; 
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FIG. 5 is a schematic diagram illustrating the general embodiment of the extendable 
ail optical cross connect (AOXC) chained optical package (COP) architecture, derived 
from the basic system illustrated in FIG. 3, in accordance with the present invention; 

FIG, 6 is a schematic diagram illustrating a specific embodiment of the extendable 
5 all optical cross connect (AOXC) chained optical package (COP) architecture (FIG, 5), as a 
'Basic Chained Input' QBCT) AOXC COP architecture, in accordance with the present 
invention; 

FIG. 7 is a schematic diagram illustrating a specific embodiment of the extendable 
all optical cross connect (AOXC) chained optical package (COP) architecture (FIG. 5), as a 
10 'Basic Integrated Chained Input 1 ('BICr) AOXC COP architecture, in accordance with the 
present invention; 

FIG. 8 is a schematic diagram illustrating a specific embodiment of the extendable 
all optical cross connect (AOXC) chained optical package (COP) architecture (FIG. 5)> as a 
'Basic Chained Output 1 CBCO*) AOXC COP architecture, in accordance with the present 
1 5 invention; 

FIG. 9 is a schematic diagram illustrating a specific embodiment of the extendable 
all optical cross connect (AOXC) chained optical package (COP) architecture (FIG. 5), as a 
'Basic Integrated Chained Output' ('BICO') AOXC COP architecture, in accordance with 
the present invention; 

20 FIG. 10 is a schematic diagram illustrating a specific embodiment of the extendable 

all optical cross connect (AOXC) chained optical package (COP) architecture (FIG. 5), as a 
'Basic Wavelength-Chained Output' CBWCO') AOXC COP architecture, in accordance 
with the present invention; 

FIG. 1 1 is a schematic diagram illustrating a specific embodiment of the extendable 

25 all optical cross connect (AOXC) chained optical package (COP) architecture (FIG, 5), as a 
'Coupled Chained Output 1 CCCO') AOXC COP architecture, in accordance with the present 
invention; 

FIG, 12 is a schematic diagram illustrating a specific embodiment of the extendable 
all optical cross connect (AOXC) chained optical package (COP) architecture (FIG, 5), as a 
30 'Coupled Integrated Chained Output* ('CICO') AOXC COP architecture, in accordance with 
the present invention; 
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FIG. 13 is a schematic diagram illustrating a specific embodiment of the extendable 
all optical cross connect (AOXC) chained optical package (COP) architecture (FIG, 5), as a 
'Mixed Chained Output' (TvlCO f ) AOXC COP architecture, in accordance with the present 
invention; 

5 FIG. 14 is a schematic diagram illustrating a specific embodiment of the extendable 

all optical cross connect (AOXC) chained optical package (COP) architecture (FIG. 5), as a 

f Mixed Integrated Chained Output' ('MICO0 AOXC COP architecture, in accordance with 

the present invention; 

FIG. 1 5 is a schematic diagram illustrating a specific embodiment of the extendable 
10 all optical cross connect (AOXC) chained optical package (COP) architecture (FIG, 5), as a 

'Mixed Wavelength-Chained Output' CMWCO') AOXC COP architecture, in accordance 

with the present invention; 

FIG. 16 is a schematic diagram illustrating a specific embodiment of the extendable 

all optical cross connect (AOXC) chained optical package (COP) architecture (FIG. 5), as 
1 5 an 'Interleaved Modular Configuration 1 AOXC COP architecture, in accordance with the 

present invention; 

FIG. 17 is a schematic diagram illustrating a specific embodiment of the general all 
optical cross connect (AOXC) chained optical package (COP) architecture of FIG. 5 (A 14), 
featuring an f add r mechanism and a 'drop' mechanism* for adding and/or dropping single 

20 wavelengths, in accordance with the present invention; 

FIG. 18 is a schematic diagram illustrating a specific embodiment of the general all 
optical cross connect (AOXC) chained optical package (COP) architecture (FIG, 5), 
featuring a grouped 'add' mechanism arid a grouped 'drop' mechanism, for adding and/or 
dropping groups of a plurality of wavelengths, in accordance with the present invention; 

25 FIG. 19A is a schematic diagram illustrating an exemplary embodiment of the 

management and control logic mechanism (MCLM) of the extendable all optical cross 
connect (AOXC) chained optical package (COP) architecture system, featuring single 
optical signal tapping and routing to multiple detectors, in accordance with the present 
invention; 

30 FIG, 19B is a schematic diagram illustrating an exemplary embodiment of the 

management and control logic mechanism (MCLM) of the extendable all optical cross 
connect (AOXC) chained optical package (COP) architecture system, featuring single 
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optical signal tapping and routing to a single detector, in accordance with the present 
invention; 

FIG. 20 is a schematic diagram illustrating an exemplary embodiment incorporating 
an extendable all optical cros9 connect (AOXC) chained optical package (COP) 
5 architecture as part of the management and control logic mechanism (MCLM), in 
accordance with the present invention; 

FIG, 21 is a schematic diagram illustrating an exemplary preferred embodiment of a 
basic optical switching cell for housing each optical switch (OS) element, in accordance 
with the present invention; 
10 FIG. 22 is a schematic diagram illustrating beam switching by an optical switch 

(OS) element within the exemplary preferred embodiment of the basic optical switching 
cell of FIG, 21, in accordance with the present invention; 

FIG, 23 is a schematic diagram illustrating an exemplary preferred embodiment of a 
mechanical frame for housing a 3-D array of optical switch (OS) elements, in accordance 
1 5 with the present invention; 

FIG. 24 is a schematic diagram illustrating the exemplary preferred embodiment of 
the mechanical frame of FIG. 23 populated with optical switch (OS) elements, in 
accordance with the present invention; 

FIG. 25 is a schematic diagram illustrating an exemplary embodiment of the 3-D 
20 array of optical switch (OS) elements, without the mechanical frame, together with the axes 
of the 3-D array and connections to input and output ports of an exemplary embodiment of 
an AOXC COP architecture system of the present invention, including two management 
and control logic layers, and, an interface for optically connecting detectors of management 
and control logic mechanism (MCLM) to the optical switoh (OS) elements of these layers, 
25 in accordance with the present invention; 

FIG. 26 is a schematic diagram illustrating highlighting of the various planes of the 
3-D array of optical switch (OS) elements of FIG. 25 (B5), in accordance with the present 
invention; 

FIG. 27 is a schematic diagram illustrating the input connections and input residuals 
30 layer, indicating the optical switch (OS) elements in this layer, and the connections to the 
input ports and the input residuals, of the 3-D array of optical switch (OS) elements of FIG, 
25, in accordance with the present invention; 
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FIG. 28 is a schematic diagram illustrating the output groupings and an output 
connections layer, indicating the optical switch (OS) elements in this layer, and the 
connections to the output and output grouping ports, of the 3-D aixay of optical switch (OS) 
elements of FIG. 25, in accordance with the present invention; 
5 FIG. 29 is a schematic diagram illustrating the mechanism of triple switching, of 

the 3^D array of optical switch (OS) elements of FIG. 25, in accordance with the present 
invention; 

FIG, 30 is a schematic diagram illustrating the grouping operation in the 3-D array 
of optical switch (OS) elements of FIG. 25, in accordance with the present invention; 
10 FIG. 31 is a schematic diagram illustrating the multicasting operation in the 3-D 

array of optical switch (OS) elements of PIG. 25, in accordance with the present invention; 

FIG. 32 is a schematic diagram illustrating highlighting of the second-switching 
management-and-contiol layer of the 3-D array of optical switch (OS) elements of FIG, 25, 
together with an interface for optically connecting second-switching management detectors 
15 to the optical switch (OS) elements of this layer, in accordance with the present invention; 

FIG. 33 is a schematic diagram illustrating the switching and routing operations 
within the second-switching management-and-control layer, of the 3-D array of optical 
switch (OS) elements of FIG. 25, in accordance with the present invention; 

FIG. 34 is a schematic diagram illustrating highlighting of the third-switching 
20 management-and-control layer of the 3-D array of optical switch (OS) elements of FIG. 25, 
together with an interface for optically connecting third-switching management detectors to 
the optical switch (OS) elements of this layer, in accordance with the present invention; 
and 

FIG, 35 is a schematic diagram illustrating the switching and routing operations 
2 5 within the thirdrswitching management-and-control layer, of the 3-D array of optical switch 
(OS) elements of FIG. 25, in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED EMBQDIME]>JTft 

The present invention relates to a method and system for switching and routing, 
30 while logically managing and controlling, multichannel optical signals in an optical 
communication system. 
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A main aspect of novelty and inventiveness of the present invention is the basic 
system featuring an optical package (OP) array of optical switch (OS) elements, input ports 
and output ports, operating with a management and control logic mechanism (MCLM) 
logically managing and controlling the switching and routing of the multichannel optical 
5 signals in the optical communication system, The basic system of the optical package (OP) 
array is used for deriving or forming the genera] embodiment of an extendable all optical 
cross connect (AOXC) chained optica] package (COP) architecture, and, for deriving or 
forming different specific embodiments of extendable all optical cross connect (AOXC) 
chained optical package (COP) architectures, 

10 Another main aspect of novelty and inventiveness relates to the implementation of 

different specific optical signal switching and routing functions, such as grouping 
wavelengths, multicasting wavelengths, adding and/ox dropping wavelengths, converting 
wavelengths, and, restoring wavelengths, while logically managing and controlling the 
switching and routing of the multichannel optical signals in the optical communication 

1 5 system, 

The method and system for switching and routing, while logically managing and 
controlling, multichannel optical signals in an optical communication system, of the 
present invention, are neither anticipated or obviously derived from the 
"Electroholographic Wavelength Selective Photonic Switch For WDM Routing", as 

20 disclosed in PCT Pat. Application. Publication No. WO 01/07946 and in co-filed U.S. Pat, 
Application, No, 09/621,874. 

It is to be understood that the invention is not limited in its application to the details 
of the order or sequence of steps of operation or implementation of the method, or, to the 
details of construction, arrangement, and, composition of the components and elements of 

25 the system, set forth in the following description, drawings, or examples, The invention is 
capable of other embodiments or of being practiced or carried out in various ways. 

For example, for implementing basic system 200 featuring optical package (OP) 
array 202 of optical switch (OS) elements 204, and, management and control logic 
mechanism 214 (FIG, 3); scaled-up system 216 featuring scaled-up optical package (OP) 

30 array 205, and, scaled-up management and control logic mechanism (MCLM) 226 (FIG, 
4); general embodiment of extendable all optical cross connect (AOXC) chained optical 
package (COP) architecture 230 featuring [NxMxK] dimensioned AOXC COP array 236 
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of OP arrays 202, and, management and control logic mechanism 238 (FIG. 5); the 
different specific embodiments of extendable all optical cross connect (AOXC) chained 
optical package (COP) architectures (FIGS. 6 - 18); and, the various additional 
embodiments (FIGS. 19 - 35), of the present invention, preferably, but in a non-limiting 
5 fashion, each optical switch (OS) element, indicated in these embodiments as optical 
switch (OS) element 204, or, as part of an optical multiplexer (OM) 252, or, as part of an 
optical filter (OF) element 264, is a voltage controlled Electroholography based optical 
switch, such as the optical switch (OS) element described in previously cited PCT 
International Patent Application Publication No. WO 00/02098, of PCT Patent Application 

10 No. PCT/IL99/00368, and, in co-filed U.S. Patent Application No. 09/348,057, each taking 
priority from EL Patent Application No. 125,241, by a same inventor of the present 
invention, the teachings of which are incorporated by reference as if fully set forth herein. 

It is also to be understood that phraseology and terminology employed herein are 
for the purpose of description and should not be regarded as limiting. For example, the 

15 following description refers to switching and routing of optical communication signals 
corresponding to switching and routing of optical communication channels, where each 
optical communication channel is associated with a carrier wave having a particular 
wavelength, in order to illustrate implementation of the present invention, In fact, based on 
the principles of propagation of electromagnetic waves, since each particular wavelength is, 

20 by definition, associated with a particular frequency, the following description equivalently 
refers to switching and routing of optical communication channels, where each optical 
communication channel is associated with a carrier wave having a particular frequency. 

Herein, for the purpose of understanding description, illustration, and, 
implementation, of the present invention, in a noivliraiting fashion, the term 'optically 

25 connected 1 is understood by the context that two devices, components, elements, or, points, 
A and B, are 'optically connected' if light emerging from device, component, element, or, 
point, A, reaches device, component, element, or, point, B, and vice versa. An 'optical 
connection' is achieved via an optical path in 'free space', or, via an interconnecting 
medium such as an optical fiber, utilizing optical collimators and/or optical connectors, if 

30 necessary. 

Herein, for the ptapose of understanding description, illustration, and, 
implementation, of the present invention, in a non-limiting fashion, the term 'operatively 



25 

connected' refers to a mechanism selected from the group consisting of an electrical, 
electronic, magnetic, electromagnetic, mechanical, optical, and, combinations thereof, of 
connection between at least two devices, components, elements, and/or, points, for 
establishing and maintaining an operating, managing, or controlling, relationship between 

5 the devices, components, elements, and/or, points. 

Steps, components, operation, and implementation of the present invention are 
better understood with reference to the following description and accompanying drawings. 
Throughout the following description and accompanying drawings, like reference numbers 
refer to like components or elements. 

10 Basic System: Optical Package (OP) Array of Optical Switch (OS) Elements, Input and 
Output Ports, and, a Management and Control Logic Mechanism 

Referring now to the drawings, FIG. 3 is a schematic diagram illustrating an 
exemplary preferred embodiment of the basic system, hereinafter, referred to as basic 
system 200, of the present invention for switching and routing, while logically managing 

1 5 and controlling, multichannel optical signals in an optical communication system, featuring 
the primary components of; (a) an optical package (OP) array 202 of (i) optically connected 
optical switch (OS) elements 204, (ii) optically connected left side input ports 206 and 
bottom side input ports 208, and, (iii) optically connected right side output ports 210 and 
top side output ports 212, and, (b) a management and control logic mechanism (MCLM) 

20 214 operatively connected, via an interface 215, to optical package (OP) array 202, Basic 
system 200, in a non-limiting fashion, is used for forming the general embodiment of the 
extendable all optical cross connect (AOXC) chained optical package (COP) architecture, 
and, different specific embodiments of extendable all optical cross connect (AOXC) 
chained optical package (COP) architectures, of the present invention, described and 

2 5 illustrated hereinafter, below. 

More specifically, in basic system 200, optical package (OP) array 202, as 
illustrated in FIG. 3, is an array of H rows by W columns, denoted as an [H x W) 
dimensioned optical package (OP) array, of (i) optically connected optical switch (OS) 
elements, wherein the optical switch (OS) element at a row h and a column w, for h - 1 to 

30 H, and, w « 1 to W, respectively, is denoted as OS(h,w) 204, (ii) optically connected left 
side input ports 206 and bottom side input ports 208, and, (iii) optically connected right 
side output ports 210 and top side output pons 212. 
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Each optical switch (OS) clement 204 is a device that is dynamically activated by 
an external control (not shown), and, features characteristics of: 

(1) selectivity to a particular wavelength, X, for example, pre-programmed 
according to a holographic process; 
5 (2) when optical switch (OS) element 204 is not activated, optical switch (OS) 

element 204 is transparent, that is, inducing very small loss, to light in a wavelength range 
of the multichannel optical signal; and 

(3) when optical switch (OS) element 204 is activated, then part of the light at a 
particular wavelength, X, is diverted at a prc-deteimined angle, whereby the percentage of 
10 the light that is diverted compared to the percentage of the light that is not diverted is a 
function of the level of activation of optical switch (OS) element 204, and, whereby 
activated optical switch (OS) element 204 is transparent to all other wavelengths. 

Management and control logic mechanism (MCLM) 214 opcratively connected to 
optical package array 202 is for logically managing and controlling the switching and 
1 5 routing of light entering optical package (OP) array 202 via left side input ports 206 and 
bottom side input ports 208, and, exiting optical package (OP) array 202 via right side 
output ports 210 and top side output ports 212, Additionally, manag ement and control 
logic mechanism (MCLM) 214 prevents a conflict of routing components with a same 
wavelength, X, of the optical signals from different input ports 206, 208 to a same output 
20 port 210 or 212. 

Optical package (OP) array 202 features characteristics of: 

(1) light may travel, that is, by entering and/or exiting, along rows or along 
columns of optical package (OP) airay 202, whereby (I) light may enter a row h at the left 
side of optical package (OP) array 202 via a corresponding left side input port 206, (II) 
25 light may enter a column w at the bottom side of optical package (OP) array 202 via a 
corresponding bottom side input port 208, (HI) light may exit from a row h at the right side 
of optical package (OP) array 202 via a corresponding right side output port 210, and, (IV) 
light may exit from a column w at the top side of optical package (OP) array 202 via a 
corresponding top side output port 212; and 
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(2) light diverted by a particular optical switch (OS) element 204 is grouped 
with the other light entering that same optical switch (OS) element 204 and traveling in the 
same direction as the diverted light 

Preferably, optical package (OP) array 202 features additional characteristics of: 
5 (3) all optical switch (OS) elements 204 in column w are selective to a specific 

wavelength, 

(4) when light traveling in a row h hits an active optical switch (OS) element 
204 in column w, at least a portion of the K component of the light is diverted upwards, 
joining any other light traveling in that column; and 

1 0 (5) when light traveling in column w hits an active optical switch (OS) element 

204 in a row h, at least a portion of the X* component of the light is diverted to the right, 
joining any other light traveling in that row. 

It is to be clearly understood that the principles of the present invention apply, 
mutatis mutandis, to alternative arrangements of optical switch (OS) elements 204, for 

1 5 example, where all optical switch (OS) elements 204 in a row h are selective to a specific 
wavelength X h , and/or to alternative arrangements of input ports 206 and 208, and, output 
pons 210 and 212, In particular, for example, where input ports 206 and 208 are 
configured at the top side and at the right side, respectively, and, output ports 210 and 212 
are configured at left side and at the bottom side, respectively, of optical package array 202. 

20 As previously stated above, for implementing basic system 200, and, for 

implementing the various other embodiments described and illustrated below, of the 
present invention, preferably, but in a non-limiting fashion, each optical switch (OS) 
element 204 is a voltage controlled Electroholography based optical switch, such as the 
optical switch (OS) element described in previously cited PCT International Patent 

25 Application Publication No. WO 00/02098, of PCT Patent Application No. 
PCT/IL99/00368, and, in co-filed U.S. Patent Application No. 09/348,057, the teachings of 
which are incorporated by reference as if fully set forth herein. 

In the description, and in the accompanying figures, of the present invention, for the 
purpose of brevity without decrease in meaning, the terms 'optical package (OP) array' and 

30 'optical package (OP) arrays', are equivalently referred to by the terms 'OP array' and 'OP 
arrays', respectively, and, the terms 'optical switch (OS) element 1 and 'optical switch (OS) 
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elements', are equivalently referred to by the terms 'OS element' and 'OS elements', 
respectively. In the description, and in the accompanying figures, of the present invention, 
for the purpose of brevity without decrease in meaning, the term 'management and control 
logic mechanism (MCLM)* is equivalently referred to by the term 'MCLM'. 
5 Using. OP Building Blocks 

FIG. 4 is a schematic diagram illustrating an exemplary preferred embodiment of a 
scaled-up system 216 of the present invention, featuring a scaled-up optical package (OP) 
array 205, with input ports 218, 220 and output ports 222, 224, and, a correspondingly 
scaled-up management and control logic mechanism (MCLM) 226, operatively connected 

10 to optical package (OP) array 202 via an interface 227, Accordingly, in forming this 
embodiment, there is using a plurality of OP arrays 202, previously described and 
illustrated in FIG, 3, where each OP array 202 is referred to as an OP building block 
(OPBB) 228, for scaling up to a larger scaled-up system 216. 

As shown FIG. 4, scaled-up optical package (OP) array 205, with P*Y rows and 

15 Q*X columns of OS elements 204 (previously described and illustrated in FIG. 3; not 
shown in FIG. 4), is constructed of P rows of OPBBs 228 and Q columns of OPBBs 228. 
Each OP building block, OPBB(p,q) 228, for p - 1 to P, and q - 1 to Q, is composed of Y 
rows and X columns of OS elements 204. OPBBs 228 are chained in the following way: 
for p = 1 to P-l, and, q - 1 to CM, all 1 to Y rows at the right side of OPBB(p,q) are 

20 optically connected to the corresponding rows at the left side of QPBB(p,q+l), and, 
similarly, all 1 to X columns at the top side of OPBB(p,q) are optically connected to the 
corresponding columns at the bottom side of OPBB(p+l,q). 

As previously stated above, for implementing scaled-up system 216, preferably, but 
in a non-limiting fashion, each optical switch (OS) element 204 is a voltage controlled 

25 Electroholography based optical switch, such as the optical switch (OS) element described 
in previously cited PCT International Patent Application Publication No, WO 00/02098, of 
PCT Patent Application No. PCT/IL99/00368, and, in co-filed U.S. Patent Application No, 
09/348,057. 

Scaled-up system 216 of FIG. 4, featuring scaled-up optical package (OP) array 
30 205, can be used, in a non-limiting fashion, for forming the general embodiment of the 
extendable all optical cross connect (AOXC) chained optical package (COP) architecture, 
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and, the different specific embodiments of extendable all optical cross connect (AOXC) 
chained optical package (COP) architectures, of the present invention, Additionally, 
scaled-up optical package (OP) array 205 of scaled-up system 216, can be used, in a 
non-limiting fashion, as one or more OPBBs 228 for forming a further scaled-up optical 
package (OP) array (not shown) of a correspondingly further scaled-up system (not shown) 
of the present invention, 
Basic AOXC COP architecture 

In the description of the present invention provided herein, basic system 200 (FIG. 
3), featuring the plurality of optical package (OP) arrays 202, is used, in a non-limiting 
fashion, for forming the general embodiment of an extendable all optical cross connect 
(AOXC) chained optical package (COP) architecture, and, different specific embodiments 
of extendable all optical cross connect (AOXC) chained optical package (COP) 
architectures. It is to be clearly understood that scaled-up system 216 (FIG. 4), featuring 
the scaled-up optical package (OP) array 205, can also be used, in a non-limiting fashion, 
for forming the general embodiment of the extendable all optical cross connect (AOXC) 
chained optical package (COP) architecture, and, the different specific embodiments of 
extendable all optical cross connect (AOXC) chained optical package (COP) architectures, 
of the present invention. 

FIG. 5 is a schematic diagram illustrating the general embodiment of an extendable 
all optical cross connect (AOXC) chained optical package (COP) architecture 230, derived 
from basic system 200 illustrated in FIG. 3. General AOXC COP architecture 230, and, 
different specific embodiments of extendable all optical cross connect (AOXC) chained 
optical package (COP) architectures described and illustrated hereinafter, below, are 
constructed of a chain of OP arrays 202, previously described and illustrated in FIG. 3. 

As illustrated in FIG. 5, the general embodiment of AOXC COP architecture 230 is 
a system featuring N input fibers 232, M output fibers 234, a chain 236 of OP arrays 202, 
and, an operatively connected, via interface 239, management and control logic mechanism 
(MCLM) 238. Each fiber carries a multichannel optical signal, for example, a wavelength 
division multiplex (WDM) optical signal), with K wavelengths. The key function of 
AOXC COP architecture 230 is to route groups of one or more wavelength components or 
portions thereof, from any input fiber 232 to any output fiber 234, according to a scheme 
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determined and operated by management and control logic mechanism (MCLM) 238, 
AOXC COP architecture 230 provides complete flexibility in routing any wavelength from 
any input fiber 232 to any output fiber 234 independent of one another. Management and 
control logic mechanism (MCLM) 238 prevents a conflict of routing components with a 
5 same wavelength, X, of the optical signals from different input fibers 232 to a same output 
fiber 234. 

As shown in FIG, 5, AOXC COP architecture 230 features [NxMxK] AOXC 
COP array 236 having dimensions (N, M, K), where N is the number of input fiber? 232, M 
is the number of output fibers 234, and, K is the number of wavelengths for k - 1 to K, 

10 per fiber which are operated upon by AOXC COP architecture 230, The number of 
chained OP anays 202 in AOXC COP architecture 230 is denoted as the 'chain length 1 , 
AOXC COP architecture 230 is extendable in all three dimensions independently, to a [N 1 
xM'x K 1 ] AOXC COP architecture, where N' is equal to or greater than N, M 1 is equal to 
or greater than M, and, K' is equal to or greater than K. Note, however, that not all K 

1 5 wavelengths which are operated upon by AOXC COP architecture 230 must be present in 
each fiber, Furthermore, each fiber may carry additional wavelengths other than the K 
wavelengths, and the additional wavelengths are not necessarily the same in the various 
fibers, 

In addition to the N input fibers 232 and M output fibers 234, AOXC COP 
20 architecture 230 has two sets of optional components: (1) N input-residuals output fibers 
240, where each input-residuals output fibeT n, for n = 1 to N, is optically connected to a 
corresponding input-residuals output port n 241 of AOXC COP architecture 230, for 
carrying portions of the optical signals from input fibers 232 that do not undergo switching, 
and, (2) M output-grouping input fibers 242. where each output-grouping input fiber m, for 
25 m ■ 1 to M, is optically connected to a corresponding output-grouping input port m 243 of 
AOXC COP architecture 230, for carrying optical signals into output fibers 234 from 
sources other than from input fibers 232. Furthermore, a set of optional output signals, 
denoted as U leftover signals 244, can be used for logical management and control 
purposes by logical management and control mechanism (MCLM) 238, for example, as 
30 input to detectors of management and control logic mechanism 238, as further described 
below. 
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As further described herein below, the extendable AOXC COP architectures have 
advantages in the implementation of the following switching and routing features such as 
grouping of wavelengths, multicasting of wavelengths, adding and/or dropping single 
wavelengths, adding and/or dropping a group of wavelengths per fiber, converting 
5 wavelengths, and/or, restoring wavelengths, interleaving wavelengths for increasing 
wavelength density, Additional features include extendibility of input fibers, output fibers, 
and, wavelengths; utilization of building blocks; and, logical management and control of 
optical signal monitoring, fault detection, connection verification, and, power management. 
General AOXC COP architecture 230 of FIG. 5 is used for deriving or forming two 
10 main specific embodiments of extendable AOXC COP architectures, a 'Chained Input' 
architecture, as illustrated in FIGS. 6 and 7, and, a 'Chained Output' architecture, as 
illustrated in FIGS. 8 and 9. Other variations and specific embodiments of extendable 
AOXC COP architectures are possible, for example, the 'Wavelength Chained Output' 
architecture, as illustrated in FIG. 10, 
15 'Jjg£j£ Chained Input' CBCV) AOXC COP architecture 

FIG. 6 is a schematic diagram illustrating a specific embodiment of extendable all 
optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG, 5), as 
a 'Basic Chained Input' CBCI') AOXC COP architecture 246. 

'Basic Chained Input' CBCr) AOXC COP architecture 246 is based on chaining of 
20 M [N x K] dimensioned OP arrays 202, thus, the 'chain length' is M, and each optical 
package array OP(m) 202, for m = 1 to M, is composed of N rows and K columns, and, 
features characteristics of: 

(1) for m ■ 1 to H all OS elements in column k, for k = 1 to K, of array OP(m) 
202 are selective to the wavelength 
2 5 (2) for n = 1 to N, input fiber n 232 is optically connected to input port n of the 

AOXC chain, which is at the left side of rown of amy OP(l) 248; 

(3) for m - 1 to M-l, rows 1 to N at the right side of array OP(m) 202 are 
optically connected to rows 1 to N at the left side of the array OP(m+l), respectively, 
forming N chained rows of OP arrays 202; and 
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(4) for n - 1 to N, optional input-residuals fiber n 240 is optically connected to 
a corresponding input-residuals output port n of the AOXC chain, located at the right side 
of row n of airay OP(M) 250, 

In addition to the chain of M OP arrays 202, 'BCI' AOXC COP architecture 246 
5 includes a set of M 'optical multiplexer' elements, OM(m) 252, for m = 1 to M Each 
optical multiplexer, OM(m) 252, is a [1 x K] dimensioned OP array, that is, a single row of 
K optical switch elements, OS(k), for k * 1 to K, where for m 38 1 to M; 

(1) each optical switch element, OS(k), for k - 1 to K, of optical multiplexer 
OM(m) 252 is selective to a respective wavelength 
1 0 (2) each optical switch clement, OS(k), for k - 1 to K, of optical multiplexer 

OM(m) 252 is optically connected at its bottom side, to the top side of the optical switch 
element, OS(N,k), in row N (the upper row) and column k of optical package array OP(m) 
202; 

(3) optional output-grouping input fiber m 242 is optically connected to a 
1 5 corresponding output-grouping input port m of the AOXC chain, located at the left side of 

optical multiplexer OM(m) 252; and 

(4) output fiber m 234 is optically connected to the output port m of the AOXC 
chain, located at the right side of optical multiplexer OM(m) X252. 

*BCr AOXC COP architecture 246 operates in the following way. Light entering 
20 from input fiber n 232 into the input port n of the AOXC chain, travels along row n 
through all chained OP arrays, thus, the name 'Chained Input' of this specific AOXC COP 
architecture. Activating the optical switch element, GS(nJc), in row n and column k of 
array OP(m) 202 causes at least a portion of the component of the optical signal from 
input fiber n 232, to be diverted upwards along column k, This diversion corresponds to a 
25 demultiplexing function that is integrated, without external components, into the OP array 
itself The other wavelength components of the optical signal from fiber n together with 
the non-diverted portion of the specific \^ component, continue traveling to the right, and 
are then cither diverted by subsequent OS elements in the chained row n of the OP arrays, 
and/or exit the AOXC chain at the tfth port of optional input-residuals group 240. 
30 By activating an optical switch element, OS(k), of optical multiplexer OM(m) 252, 

at least a portion of the diverted }* components of the optical signals from the various input 
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fibers that entered this optical switching clement, OS(k), at its bottom side, arc further 
diverted to the right, and join all other wavelength components that travel in that row of OS 
elements. This corresponds to the multiplexing function of optical multiplexer OM(m) 
252, Light exiting from the right side of optical multiplexer OM(m) 252, exits the AOXC 
5 chain at output port m, into output fiber m 234, 

The residuals (leftover signals 244 as illustrated in FIG, 5; not shown in FIG, 6) that 
were not diverted by the OS elements of optical multiplexers OM(m) 252, exit at the top 
side of those OS elements, and, optionally, may be used for logical management and 
control by logical management and control mechanism (MCLM) 238, as further described 
10 below. The total number of available leftover signals per OP array is K, thus, the total 
number U of available leftover signals for the entire AOAC chain of M OP arrays is 
U = M * K. 

Note that concurrently activating more than one OS element in rows 1 to N in the 
same column k of a certain array OP(m) 202 will route components with the same 
1 5 wavelength X* of optical signals from different input fibers n 232 to a same output fiber m 
234, which is a conflict, whereby, management and control logic mechanism (MCLM) 238 
of 'BCr AOXC COP architecture 246 prevents such a situation, 
'Basic Integrated Chained Input' CBICV) AOXC COP architecture 

FIG. 7 is a schematic diagram illustrating a specific embodiment of extendable all 
20 optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG. 5), as 
a 'Basic Integrated Chained Input (*BICr) AOXC COP architecture 254. 

Basic Integrated Chained Input ('BIOO AOXC COP architecture 254 of FIG. 7 is 
similar to 'BCI* AOXC COP architecture 246 of FIG. 6, but with the OS elements of optical 
multiplexer OM(m) 252, for m 1 to M, being integrated into the respective OP(m) array 
25 202, (FIG. 6) as the top row, denoted as row N+l 256 of a [(N+l) x K] dimensioned OP 
array 202, as illustrated in FIG. 7. 

Another possible 'Chained Input' AOXC COP architecture (not shown) is a 
'mixture' of 'BCT AOXC COP architecture 246 (FIG, 6) and 'Bid' AOXC COP 
architecture 254 (FIG. 7), in such a way that for pan of the optical multiplexers OM(m) 
30 252, their OS elements are separated from the respective array OP(m) 202 as in 'BCF 
AOXC COP architecture 246, and, for part of the optical multiplexers OM(m) 252, their 
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OS elements are integrated as rowN+1 256 of the respective array OP(m) 202 as in "Bid 
AOXC COP architecture 254. 

'Knit Chained Output' CMQQH AOXC COP architecture 

FIG. 8 is a schematic diagram illustrating a specific embodiment of extendable all 
5 optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG. 5), as 
a 'Basic Chained Output* ('BCO 1 ) AOXC COP architecture 258. 

'Basic Chained Output' ('BCO') AOXC COP architecture 258 of FIG. 8, is based on 
ch ainin g of N [Mx K] dimensioned OP arrays 202, thus, the 'chain length' is N, and each 
array OP(n) 202, for n - 1 to N, is composed of M rows and K columns, where: 
10 (l) for n = 1 to N, all OS elements in column k, for k = 1 to K, of array OP(n) 

202 are selective to the wavelength X*; 

(2) for n = 1 to N4, rows 1 to M at the right side of array OP(n) 202 are 
optically connected to rows 1 to M at the left side of the array OP(n+l), respectively, 
forming M chained rows of the OP arrays; and 
15 (3) for m - 1 to M, optional output-grouping input fiber m 242 is optically 

connected to a corresponding output-grouping input port m, located at the left side of row 
m of array OP(l) 260, and, output fiber m 234 is optically connected to output port m of 
the AOXC chain, located at the right side of row m of array OP(N) 262. 

to addition to the chain of N OP arrays 202, 'BCO' AOXC COP architecture 258 
20 includes a set of N 'optical filter* elements, OF(n) 264, for n - 1 to N. Each such OF(n) 
element 264 is a [1 x K) dimensioned OP array, that is, a single row of K OS(k) elements, 
with k = 1 to K, where for n = 1 to N: 

(1 ) each OS(k) element, for k = 1 to K, of optical filter OF(n) 264 is selective to 

the respective wavelength hi 
25 (2) each OS(k) element, for k = 1 to K, of optical filter OF(n) 264 is optically 

connected at its top side, to the bottom side of the element OS(l,k) in row 1 266 (the lower 
row) and column k of array OP(n) 202; 

(3) input fiber n 232 is optically connected to input port n of the AOXC chain, 
located at the left side of optical filter OF(n) 264; and 
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(4) optional input residuals output fiber n 240 is optically connected to a 
corresponding input-residuals output port n of the AOXC chain, located at the right side of 
optica] filter OF(n) 264, 

'BCCV AOXC COP architecture 258 operates in following way. The optical signal 

5 from input fiber n 232 enters into optical filter OF(n) 264 at the left side, Activating the 
element OS(k) of optical filter OF(n) 264 diverts at least a portion of the X* component of 
the optical signal from input fiber n upwards into column k of array OP(n) 202, This 
diversion corresponds to a demultiplexing function of optical filter OF(n) 264. 

Activating an element OS(m,k) in row m and column k of array OP(n) 202, causes 

1 0 at least a portion of the X* component of the light traveling upward on column k, to be 
further diverted to the right, joining the other wavelength components, or portions thereof, 
of the optical signals from the same input fiber n 232 and/or from other input fibers 232, 
and/or optical signals arriving from corresponding output-grouping input port m 242, 
traveling through the chained row m of the OP arrays towards output fiber m 234. This 

15 further diversion to the right is a multiplexing Amotion that is integrated, without external 
components, into the OP array itself, Notice that the name, 'Chained Output', of this 
AOXC COP architecture, reflects the traveling of light through the chained row m of the 
OP arrays 202 towards the corresponding output fiber m 234, 

The residuals Glover signals 244 as illustrated in FIG. 5; not shown in FIG. 8) of 

20 the signals traveling along the columns of arrays OP(n) 202 that were not diverted into 
output fibers 234, exit at the top side of columns of arrays OP(n) 202, and, optionally, may 
be used for logical management and control, as further described below. The total number 
of available leftover signals per OP array is K, thus the total number U of available leftover 
signals for the entire AOXC chain of N OP arrays is U N * K, 

25 Note that concurrently activating elements OS(m,k) in the same row m and in the 

same column k in different arrays OP(n) 202 will route components with the same 
wavelength X* of optical signals from different input fibers n 232 to a same output fiber m 
234, which is a conflict, whereby, management and control logic mechanism (MCLM) 234 
of 'BCO' AOXC COP architecture 258 prevents such a situation. 

30 'Basic Integrated Chained Outvuf rBICO') AOXC COP architecture 
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FIG, 9 is a schematic diagram illustrating a specific embodiment of extendable all 
optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG. 5), as 
a 'Basic Integrated Chained Output' ('SICO') AOXC COP architecture 268. 

Basic Integrated Chained Output 1 ('BICO') AOXC COP architecture 268 is similar 
5 to 'BCO' AOXC COP architecture 258 of FIG, 8, but with the OS elements of optical filter 
OF(n) 264, for n = 1 to N, being integrated into the respective OP(n) array 202 (FIG, 8), as 
the bottom row, denoted as row 0 270, of a [(M+l) x K] dimensioned OP airay 202, as 
illustrated in FIG. 9. 

Another possible 'Chained Output 1 AOXC COP architecture (not shown) is a 
10 'mixture' of 'BCO' AOXC COP architecture 258 (FIG, 8) and 'BICO' AOXC COP 
architecture 268 (FIG, 9), in such a way that for part of optical filters OF(n) 264, their OS 
elements are separated from the respective array OP(n) 202 as in BCO 1 AOXC COP 
architecture 258, and, for part of optical filters OF(n) 264, their OS elements are integrated 
as row 0 270 of the respective array OP(n) 202 as in 'BICO* AOXC COP architecture 268. 
15 'Basic Wavelength Chained Output 9 CBWCO') AOXC COP architecture 

FIG. 10 is a schematic diagram illustrating a specific embodiment of extendable all 
optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG. 5), as 
a 'Basic Wavelength Chained Output' CBWCO 1 ) AOXC COP architecture 272. 

'Basic Wavelength Chained Output' CBWCO') AOXC COP architecture 272 of FIG. 
20 1 0, is based on chaining of K [Mx N] dimensioned OP arrays 202, thus, the 'chain length' 
is K, and each array OP(k) 202, for k = 1 to K, is composed of M rows and N columns, 
where: 

(1) for k * 1 to K, OP(k) array 202 is designated to the kth wavelength Xr, that 
is, all of its OS elements are selective to this same wavelength >*; 
25 (2) for k * 1 to K-l, rows 1 to M at the right side of array OP(k) 202 are 

optically connected to rows 1 to M at the left side of the arTay OP(k+l), respectively, 
forming M chained rows of OP arrays 202; and 

(3) for m * 1 to M, optional output-grouping input fiber m 242 is optically 
connected to a corresponding output-grouping input port of the AOXC chain, located at the 
30 left side of row m of array OP(l) 274, and, output fiber m 234 is optically connected to 
output port m of the AOXC chain, located at the right side of row m of array OP(K) 276. 
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In addition to the chain of N OP arrays 202, 'BWCO* AOXC COP architecture 272 
includes a set of N 'optical filter* elements OF(n) 264, for n = 1 to N. Each such OF(n) 
element 264 is a [1 x K] dimensioned OP array, that is, a single row of K OS(k) elements, 
for k = 1 to K, where for n= 1 to N: 
5 (1) each OS(k) element, for k = 1 to K, of optical filter OF(n) 264 is selective to 

the respective wavelength \& 

(2) each OS(k) element, for k - 1 to K, of optical filter OF(n) 264 is optically 
connected at its top side, to the bottom side of the element OS(l ,n) in row 1 278 (the lower 
row) and column n of array OP(k) 202; 
10 (3) input fiber n 232 is optically connected to input port n of the AOXC chain, 

located at the left side of optical filter OF(n) 264; and 

(4) optional input-residuals output fiber n 240 is optically connected to a 
corresponding input-residuals output port n of the AOXC chain, located at the right side of 
optical filter OF(n) 264. 

1 5 'BWCO' AOXC COP architecture 272 operates in the following way. The optical 

signal from input fiber n 232 enters into optical filter OF(n) 264 at the left side. Activating 
the element OS(k) of optical filter OF(n) 264 diverts at least a portion of the X k component 
of the optical signal from input fiber n 232 upwards into column n of array OP(k) 202, 
This diversion corresponds to a demultiplexing function of optical filter OF(n) 264, 

20 Activating an element OS(m,n) in row m and column n of array OP(k) 202, causes 

at least a portion of the diverted X* component of the optical signal from input fiber n 232 
to be further diverted to the right, joining the other diverted wavelength components, or 
portion thereof, of the optical signals from the same input fiber n 232 and/or other input 
fibers 232, and/or optical signals arriving from corresponding output- grouping input port 

25 m, traveling through the chained row m of the OP arrays towards output fiber m 234. This 
further diversion to the right is a multiplexing function that is integrated, without external 
components, into OP array 202 itself. Notice that the name, 'Wavelength Chained Output*, 
of AOXC COP architecture 272, reflects the traveling of light through the chained row m 
of the OP arrays 202 towards the corresponding output fiber m 234, However, since each 

30 specific wavelength component that travels through the chained row m of OP arrays 202 
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towards output fiber m 234, emerges from an OP array 202 which corresponds to the 
specific wavelength, AOXC COP architecture 272 is referred to as 'Wavelength Chained', 

The residuals (leftover signals 244 as illustrated in FIG. 5; not shown in FIG. 10) of 
the signals traveling along the columns of arrays OP(k) 202 that were not diverted into 

5 output fibers 234, exit at the top side of columns of the arrays OP(k) 202, and, optionally, 
may be used for logical management and control by logical management and control 
mechanism (MCLM) 238, as further described below. The total number of available 
leftover signals per OP array is N, thus, the total number U of available leftover signals for 
the entire AO AC chain of K OP arrays 202 is U = K * N. 

1 0 Note that concurrently activating more than one OS element in the same row m of a 

certain array OP(k) 202 will route components with the same wavelength X* of optical 
signals from different input fibers n 232 to a same output fiber m 234, which is a conflict, 
whereby, management and control logic mechanism (MCLM) 238 of 'BWCO' AOXC COP 
architecture 272 prevents such a situation, 

15 Advantages of the basic AOXC COP architecture^ 

Several advantages of the above described and illustrated basic extendable AOXC 
COP architectures are; 

( 1 ) they are compact, that is, requiring a minimum number of OS elements; 

(2) they implement the AOXC wavelength switching and routing functions with 
20 full flexibility and control; 

(3) their optical attenuation is low and is equal to the attenuation associated 
with two diversions; plus one optical connection between an optical multiplexer OM(m) 
252 and an OP array 202 in 'BCr AOXC COP architecture 246 (FIG. 6), or, between an 
optical filter 264 and an OP array 202 in 'BCO' AOXC COP architecture 258 (FIG, 8) and 

25 in WCO' AOXC COP architecture 272 (FIG, 10); and plus zero to X-l optical 
connections between OP arrays 202, where X = M for BCI* AOXC COP architecture 246 
(FIG. 6) and 'Bid 1 AOXC COP architecture 268 (FIG, 9), X - N for 'BCO' AOXC COP 
architecture 258 (FIG. 8) and 'BICO' AOXC COP architecture 268 (FIG. 9), and, X = K for 
BWCO' AOXC COP architecture 272 (FIG, 10), Traveling inside the OP arrays without 

30 being diverted adds a relatively small amount of attenuation; and 

(4) they integrate at least some of the several optional features described below, 
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pensions of fa batfc AQXQ QQl fflhiftctores 

A variety of different extensions of the above described and illustrated basic 
'Chained Output 1 and Wavelength Chained Output' extendable all optical cross connect 
(AOXC) chained optical package (COP) architectures are presented herein. These 
5 extended AOXC COP architectures are: 

- 'Coupled Chained Output' ('CCO') AOXC COP architecture 280, illustrated in FIG. 1 1 ; 

- 'Coupled Integrated Chained Output* ('CICO') AOXC COP architecture 290, illustrated in 
FIG, 12; 

- Mixed Chained Output' (MCO') AOXC COP architecture 294, illustrated in FIG, 13; 

10 - 'Mixed Integrated Chained Output* ('MICO') AOXC COP architecture 312, illustrated in 
FIG. 14; and 

- 'Mixed Wavelength Chained Output 1 ('MWCOO AOXC COP architecture 314, illustrated 
in FIG, 15. 

'Cowled Chained Oytimt' CCCO') AOXC COP architecture 
1 5 FIG. 1 1 is a schematic diagram illustrating a specific embodiment of extendable all 

optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG, 5), as 

a 'Coupled Chained Output 1 CCCO') AOXC COP architecture 280. 

'Coupled Chained Output' CCCO 1 ) AOXC COP architecture 280 of FIG. 1 1 is based 

on a set of J 'BCO f chains BCOQ) 282, for j - 1 to J, which includes altogether N [M x K] 
20 dimensioned OP arrays 202, and N [1 x K] dimensioned optical filters OF 264, where 

for j « 1 to J: 

(I) BCO(j) chain 282 is constructed with Lj [MxK] dimensioned OP arrays 
202 and Lj [1 x K] dimensioned OF optical filters 264, according to the layout in FIG. 8. 
The 'chain length' Lj of chain BCO(j) 282 may vary from chain to chain; 
25 (2) the Lj OP arrays and the L, OF optical filters 264 of BCO(j) chain 282 are 

denoted as OP(n,) 202 and OF(nj) 264, respectively, with the index nj varying from Nj.j+1 
to N j3 where Nj ~ + Lj, with the boundary conditions; N 0 ■ 0 and Nj * N; 

(3) for * Nj.i+1 to Nj, input fiber n^ 232 is optically connected to the input 
port ^ of BCO(j) chain 282, which is at the left side of optical filter OF(nj) 264, and, 
30 optional input-residuals output fiber nj 240 is optically connected to a corresponding 
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input-residuals output port n of the AOXC chain, located at the right side of optical filter 
OF(nj)264;and 

(4) for m - 1 to M, optional output-grouping input fiber m of the jth output 
grouping (j) group of optional M output- grouping input fibers 242, is optically connected to 
corresponding output-grouping input port m of BCO(j) chain 282, located at the left side of 
row m of the array OP(Nj.i+l); the output port m of BCO(j) chain 282, located at the right 
side of row m of array OP(Nj) 284, is optically connected to the j'tb input port of a [J x 1] 
optical coupler OC(m) 286, that is, an optical coupler with J input ports and 1 output port; 
and, output fiber m 234 is optically connected to the output port of optical coupler OC(tn) 
286. 

'CCO' AOXC COP architecture 280 operates in the following way. In each of the 
BCO(j) chains 282, for j = 1 to J, at least a portion of the optical signals from the input 
fibers that axe connected to a particular BCO(j) chain 282, together with the optical signals 
from the j'th output-grouping (j) group of optional M output-grouping input fibers 242, are 
routed into the output ports of the particular BCO(j) chain 282. Finally, for each of the M 
output fibers m 234, for m = 1 to M, all optical signals that exit the J BCO(j) chains 282 at 
output port m, are coupled together by optical coupler OC(m) 286 into output fiber m 234, 
thus, the name 'Coupled Chained Output of this specific AOXC COP architecture. 

From the layout of 'CCO' AOXC COP architecture 280 illustrated in FIG, 1 1, it is 
clear that for a given number N of input fibers 232, there are various possibilities in 
choosing the number J of BCO(j) chains 282, and the respective chain lengths, Lj, as long 

as the condition N = £Lj is mat. For example, the two 'extreme cases' are for J - 1 and 

J = N. The extreme case of J = 1 is a 'pure chaining' of the OP arrays, that is, no coupling, 
in which 'CCO AOXC COP architecture 280 of FIG. i 1 coincides with *BCO' AOXC COP 
architecture 258 of FIG. 8 (A3 A). Whereas the extreme case of J * N is a 'pure coupling' 
of the OP arrays, that is, no chaining, 

Furthermore, in order to 'optimize 1 the values of the number J of BCO(j) chains 282 
(FIG. 1 1) and of the chain lengths, L } , for 'CCO* AOXC COP architecture 280 with a given 
number N of input fibers 232, one can make considerations such as: 

(1) reducing the overall insertion tosses of the system, taking into account that 
by increasing J and decreasing the chain lengths in accordance, the insertion losses of the 
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optical couplers increase (more input ports), and the insertion losses of 'BCO' chains 282 
decrease (shorter chains with less passes of light through the OS elements within the 
chains), The opposite is equally valid, whereby, by decreasing J and increasing the chain 
lengths in accordance, the insertion losses of the optical couplers decrease (less input 
ports), and the insertion losses of 'BCO' chains 282 increase (longer chains with more 
passes of light through the 09 elements within the chains); and 

(2) setting up 'CCO' AOXC COP architecture 280 with 'BCO' chains 282 of 
'standard' lengths, which then dictates the chain lengths, Lj >5 and the number J of 'BCO' 

j 

chains 282, fulfilling the above mentioned condition N = I U . 

In 'Coupled Chained Output' CCCO') AOXC COP architecture 280 of FIG, 11, 
management and control logic mechanism (MCLM) 238 operates, in part, by preventing 
the switching and routing of the same wavelength from more than one input fiber 232 to a 
same output fiber 234. 

'Cowled Integrated Chained Output' CCICO') AOXC COP qrchitecture 

FIG, 12 is a schematic diagram illustrating a specific embodiment of extendable all 
optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG, 5), as 
a 'Coupled Integrated Chained Output* ('CICO') AOXC COP architecture 290, 

'Coupled Integrated Chained Output' ('CICO') AOXC COP architecture 290 of FIG. 
1 2 is similar to 'CCO' AOXC COP architecture 280 of FIG, 11, but with a set of J 'BICO' 
chains BICOO) 292 (FIG. 12) instead of 'BCO' chains 282 (FIG, 11). However, 'CICO' 
AOXC COP architecture 290 (FIG. 12) operates in a similar way to 'CCO' AOXC COP 
architecture 280 (FIG. 1 1), since integration of the optical filters OF 264 into the respective 
OP arrays 202 has no impact on the switching and routing capabilities of the 'Chained 
Output' AOXC COP architecture. In 'Coupled Integrated Chained Output ('CICO') AOXC 
COP architecture 290 of FIG. 12, management and control logic mechanism (MCLM) 238 
operates, in part, by preventing the switching and routing of the same wavelength from 
more than one input fiber 232 to a same output fiber 234. 

Another possible 'Coupled Chained Output' AOXC COP architecture (not shown) is 
a 'mixture' of 'CCO' AOXC COP architecture 280 (FIG. 11) and 'CICO' AOXC COP 
architecture 290 (FIG. 12), in such a way that part of chains of the set of J chains are "BCO* 
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chains 282 as in 'CCO' AOXC COP architecture 280 (FIG. 11), and, part of the set of J 
chains are *BICO r chains 292 as in f ClCO' AOXC COP architecture 290 (FIG. 12). 
'Mixed Chained Output' CMCO') AOXC COP architecture 

FIG. 13 is a schematic diagram illustrating a specific embodiment of extendable all 

5 optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG. 5), as 
a 'Mixed Chained Output' CMCO') AOXC COP architecture 294, 

•Mixed Chained Output 1 ('MCO') AOXC COP architecture 294 of FIG. 13 is based 
on chaining of N [M x K] dimensioned OP arrays 202, together with a set of N [1 x K] 
dimensioned optical filters, OF (n) 2<S4, where each optical filter OF 264 is optically 

10 connected to the corresponding OP array 202, in a similar way as in f BCO' AOXC COP 
architecture 258 illustrated in FIG. 8. Furthermore, input fibers, for example, input fiber 
(n) 232, and optional input-residuals output fibers, for example, optional input-residuals 
output fiber (n) 240, are optically connected to corresponding optical filters OF, for 
example, QF(n) 264, and also the optional output-grouping input fibers 242 are optically 

1 5 connected to the left side of the rows of array OP(l) 296, in a similar way as in the 'BCO' 
AOXC COP architecture. However, 'MCO' AOXC COP architecture 294 differs from the 
BCO f AOXC COP architecture in the chaining of the rows of the OP arrays, in the 
following way; 

(1) only part of the M rows of the OP arrays are chained in 'MCO 1 AOXC COP 
20 architecture 294, Those chained rows are denoted as the 'lower pan' 298 constructed of 

chained rows 1 to Mi; 

(2) for mj = 1 to Mu the 'lower part 4 chained row mi 298 is optically connected 
at the right side of amy OP(N) 300 to output fiber mi 302, where output fiber mi 302 
belongs to the group of output fibers mi, for mi = 1 to Mi, denoted as 'chained' output 

25 fibers 302; 

(3) the rest of the rows in the OP arrays are denoted as the 'upper part' 304, 
constructed of rows Mi+1 to M; and 

(4) for m 2 = Mi+1 to M, the 'upper part' row m 2 304 of OP(n) array 202, for 
n * 1 to is optically connected at the right side to the respective input port n of a [Nxl] 

30 optical coupler OC(m2) 286, that is, an optical coupler with N input ports 306 and 1 output 
port 308, and, output port 308 of optical coupler OC(m2) 286 is optically connected to 
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output fiber mi 310, where output fiber rm 310 belongs to the group of output fibers ma, 
for m 2 ~ Mj+1 to M, denoted as 'coupled' output fibers 310. 

'MCO' AOXC COP architecture 294 operates in the following way. At least 
portions of the optical signals from the input fibers, for example, input fiber (n) 232, 

5 together with the optical signals from optional output-grouping input fibers 242, are routed, 
either through the chained rows in lower part 298 of OP arrays 202, or, through the coupled 
output optical signals from the rows in upper part 304 of OP arrays 202, into the output 
fibers, that is, into 'chained 1 output fibers 302, or, into 'coupled' output fibers 310, 
respectively. Thus, the name 'Mixed Chained Output' of this specific AOXC COP 

1 0 architecture, indicating the mix of 'chained' and 'coupled' output signals. 

The layout of MCO' AOXC COP architecture 294 illustrated in FIG. 13 is 
applicable to the whole range of values of Mj between 0 to M The extreme case of Mi = 0 
is a 'pure coupling' of the output signals from the rows of the OP arrays, that is, no 
chaining, in which 'MCO' AOXC COP architecture 294 coincides with 'CCO' AOXC COP 

1 5 architecture 280 of FIG, 1 1 with J - N. In contrast, however, the extreme case Mj =» M is a 
'pure chaining' of the output signals from the rows of the OP arrays, that is, no coupling, in 
which 'MCO' AOXC COP architecture 294 coincides with 'CCO' AOXC COP architecture 
280 of FIG, 11, with J = 1, that is, coinciding with 'BCO' AOXC COP architecture 258 of 
FIG. 8, 

20 In 'Mixed Chained Output' ('CCO') AOXC COP architecture 294 of FIG. 13, 

management and control logic mechanism (MCLM) 238 operates, in part, by preventing 
the switching and routing of the same wavelength from more than one input fiber 232 to a 
same output fiber 302, 310. 

'Mixed Integrated Chained Output' CbQCO') AOXC COP architecture 
25 FIG, 14 is a schematic diagram illustrating a specific embodiment of extendable all 

optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG. 5), as 

a Mixed Integrated Chained Output 1 (TVDCO 1 ) AOXC COP architecture 312. 

'Mixed Integrated Chained Output 1 CMICO') architecture 312 of FIG. 14 is similar 

to 'MCO' AOXC COP architecture 294 of FIG. 13, but with the optical filters OF(n) 264, 
30 integrated into the respective OP(n) arrays 202 (FIG, 13), However, 'MICO' AOXC COP 

architecture 312 (FIG. 14) operates in a similar way to 'MCO' AOXC COP architecture 294 



44 

(FIG. 13), since the integration of the optical filters into the respective OP arrays has no 
impact on the switching and routing capabilities of the 'Chained Output' AOXC COP. 

In 'Mixed Integrated Chained Output* ('NflCO 1 ) AOXC COP architecture 312 of 
FIG, 14, management and control logic mechanism (MCLM) 238 operates, in pare, by 
5 preventing the switching and routing of the same wavelength from more than one input 
fiber 232 to a same output fiber 302, 310. 

'Mixed Wavelength Chained Output' CMESQ!} AOXC COP architecture 

FIG. 15 is a schematic diagram illustrating a specific embodiment of extendable all 
optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG. 5), as 

1 0 a 'Mixed Wavelength Chained Output' CMWCO') AOXC COP architecture 314. 

'Mixed Wavelength Chained Output' CMWCO 1 ) architecture 314 of FIG. 15 is 
based on chaining of K [MxN] dimensioned OP arrays, OP(k) 202, for k - 1 to K, 
together with a set of N [1 x K] dimensioned optical filters OF, where each optical filter, 
OF(n) 264, for n = i to N, is optically connected to the plurality of corresponding OP 

15 arrays 202, in a similar way as in r BWCO' AOXC COP architecture 272 of FIG, 10, 
Furthermore, input fibers, for example, input fiber (n) 232, and optional input-residuals 
output fibers, for example, optional input-residuals output fiber (n) 240, are optically 
connected to corresponding optical filters OF, for example, OF(n) 264, and also the 
optional output-grouping input fibers 242 are optically connected to the right side of the 

20 rows of aiTay OP(l) 296, in a similar way as in the BWCO' AOXC COP architecture. 
However, MWCO' AOXC COP architecture 314 differs from the 'BWCO* AOXC COP 
architecture in the chaining of the rows of the OP arrays 202, in the following way: 

(1) only part of the M rows of the OP arrays 202 are chained in 'MWCO* 
AOXC COP architecture 314. Those chained rows are denoted as the 'lower part' 298 

25 constructed of chained rows 1 to Mj ; 

(2) for mi = 1 to Mi, the lower part 1 chained row mj 298 is optically connected 
at the right side of array OP(K) 300 to output fiber mi, where output fiber mi belongs to the 
group of output fibers mi, for mj - 1 to Mj, denoted as 'chained' output fibers 302; 

(3) the rest of the rows in the OP arrays are denoted as the r upper part* 304, 
30 constructed of rows Mj+1 to M; and 
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(4) for m 2 = Mi+1 to M, the 'upper part' row mi 304 of OPQc) anay 202> for 
k « 1 to K, is optically connected at the right side to the respective input port 1c of a [Kxl] 
optical coupler OC(m 2 ) 286, that is, an optical coupler with K input ports 306 and 1 output 
port 308, and, output port 308 of optical coupler OC(m 2 ) 286 is optically connected to 
output fiber m 2 310, where output fiber m 2 310 belongs to the group of output fibers m 2 , 
for m 2 * Mi+1 to M, denoted as 'coupled 1 output fibers 310, 

TVIWCO' AOXC COP architecture 314 operates in the following way. At least 
portions of the optical signals from the input fibers 232, together with the optical signals 
from optional output-grouping input fibers 242, are routed, either through the chained rov/s 
in lower part 298 of OP arrays 202, or, through the coupled output optical signals from the 
rows in upper part 304 of OP arrays 202, into the output fibers, that is, into 'chained' output 
fibers 302, or, into 'coupled' output fibers 310, respectively. Thus, the name 'Mixed 
Wavelength Chained Output* of this specific AOXC COP architecture, indicating the mix 
of 'chained' and 'coupled' output signals. 

The layout of MWCO' AOXC COP architecture 314 illustrated in FIG. 15 is 
applicable to the whole range of values of Mj between 0 to M. The extreme case of Mi = 0 
is a 'pure coupling 1 of the output signals from the rows of the OP arrays, that is, no 
chaining, in which 'MWCO 1 AOXC COP architecture 314 coincides with a 'Coupled 
Wavelength Chained 'CWC AOXC COP architecture (not shown), In contrast, however, 
the extreme case Mi = M is a 'pure chaining 1 of the output signals from the rows of the OP 

arrays, that is, no coupling, in which 'MWCO' AOXC COP architecture 314 coincides with 

1 BWCO' AOXC COP architecture 272 of FIG. 10. 

In 'Mixed Wavelength Chained Output ('MWCO') AOXC COP architecture 314 of 

FIG. 15, management and control logic mechanism (MCLM) 238 operates, in part, by 

preventing the switching and routing of the same wavelength from more than one input 

fiber 232 to a same output fiber 302, 310. 

Interleaved AOXC COP architecture 

FIG. 16 is a schematic diagram illustrating a specific embodiment of extendable all 

optical cross connect (AOXC) chained optical package (COP) architecture 230 (FIG, 5), as 

an 'Interleaved Modular Configuration' AOXC COP architecture 316, 
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Interleaved AOXC COP architecture 316 of FIG. 16 is based on the concept of 
using interleaved wavelengths. This architecture enables switching and routing of 
multichannel optical signals with Increased wavelength density, while keeping cross-talk 
between neighboring channels within an acceptable limit. 
5 Interleaved AOXC COP architecture 316, with N input fibers 232, M output fibers 

234, and K wavelengths which are operated upon by AOXC COP architecture 316, is 
composed of a set of N [1 x V) optical interleavers OI(n) 318, for n = 1 to N, a set of V 
[NxMxK v ] AOXC COP(v) chains 236' (similarly structured and functioning as AOXC 
COP chain 236 of OP aiTays 202, featured in the general embodiment of AOXC COP 
1 0 architecture 230, previously described and illustrated in FIG, 5), for v = 1 to V, a set of N 
[V x 1] optical couplers OCI(n) 320, for n = 1 toN, and, a set of M[Vx 1] optical 
couplers OCO(m) 322, for m = 1 to M, in the following way* 

Each optical interleaver OI(n) 318, for n * 1 to N, has one input port and V output 
pons. Optical interleaver OI(n) 318 filters the wavelengths so that each of the K 
1 5 wavelengths X* for k * 1 to K, is routed from the input port to the respective output port v 
out of the V output ports, where v * (k-1 ) modulo V + 1 . 

K v denotes the number of wavelengths that are routed into the output port v of any 
of optical interleavers OI(n) 318. If K/V is an integer, that is, K modulo V - 0, then 
K v * K/V for all V output ports, Whereas, if K/V is non-integer, that is, K modulo V is 
20 greater than 0, then K v = integer [K/V] + 1 for the first (K modulo V) output ports, and 
K v = integer [K/V] for the rest of the output ports. 

Each AOXC COP(v) chain 236', for v = 1 to V, can be of any of the AOXC COP 
architectures described above. Each AOXC COP(v) chain 236 f has N input ports 324, M 
output ports 326, optional N input-residuals output ports 328, and, optional M 
25 output-grouping input ports 330. Each AOXC COP(v) chain 236' supports the routing of 
Ky wavelengths of optical signals from its input ports to the corresponding output ports, 
which are the same K y wavelengths that are routed into output port v of any of optical 
uiterleavers OI(n) 318. 

Each of the N optical couplers OCI(n) 320, for n = 1 to N> and each of the M optical 
30 couplers OCO(m) 322, for m* 1 toM, is a [Vx 1] optical coupler, that is, an optical 
coupler that couples the optical signals from V input ports into one output signal. 
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The various components of interleaved AOXC COP architecture 316 are optically 
connected in the following way: 

(1) for n 585 1 to N: (I) iaput fiber n 232 is optically connected to the input port of 
interieaver OI(n) 318; (II) output port v, for v = 1 to V, of interleaver OI(n) 318 is optically 
5 connected to input port n of the respective AOXC COP(v) chain 236'; (HI) optional 
input-residuals output port n of AOXC(v) chain 236% for v = 1 to V, is optically connected 
to the respective input port v of optical coupler OCI(n) 320; and, (TV) the output port of 
optical coupler OCI(n) 320 is optically connected to optional input-residuals output fiber n 
240; and 

10 (2) for xn - 1 to Ms (I) output port m of AOXC(v) chain 236', for v =» 1 to V, is 

optically connected to the respective input port v of optical coupler OCO(m) 322; (II) 
output port m of optical coupler OCO(m) 320 is optically connected to output fiber m 234; 
and, (II) optional output-grouping input fiber m of the v*fh 'output grouping (v)' group of 
optional M output-grouping input fibers 242, for v = I to V, is optically connected to 

15 corresponding output-grouping input port m 330 of the respective AOXC COP(v) chain 
236\ 

Interleaved AOXC COP architecture 316 operates in the following way. In each 
AOXC COP(v) chain 236\ forv= 1 to V> the wavelengths of at least portions of the 
optical signals from the input fibers that are routed to AOXC COP(v) chain 236 1 , together 

20 with the optical signals from the Vth 'output grouping (v)' group of optional M 
output-grouping input fibers 242, are routed into the output ports, 326, 328, of AOXC 
COP(v) chain 236'. Finally, for each of the M output fibers m 234, that is, for m = 1 to M, 
all optical signals that exit the V AOXC COP(v) chains 236' at output port m 326, are 
coupled together by optical coupler OCO(m) 322 into output fiber m 234, thus, the name of 

25 the optical coupler 'OCO', indicating optical coupler for coupling optical signals into output 
fibers 234. Likewise, for each of fee optional N input-residuals output fibers n 240, that is, 
for n = 1 to N, all optical signals that exit the V AOXC(v) chains 236* at the corresponding 
input-residuals output port n 328, are coupled together by optical coupler OCI(n) 320 into 
optional input-residuals output fiber n 240, thus, the name of the optical coupler 'OCI\ 

30 indicating optical coupler for coupling optical signals into the optional input-residuals 
output fibers 240, 
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It should be noticed that interleaved AOXC COP architecture 316 can be extended 
in a 'recursive' manner, by allowing the AOXC COP(v) chains 236' to be interleaved 
AOXC COP as well It should also be noticed, that the general case of partitioning the 
wavelengths of the optica] signals from the N input libers 232 into V subgroups, is to use N 
5 V-way wavelength splitters (interleaving is one instance of a wavelength splitter). Each of 
the V AOXC COP(v) chains 236* should be capable of handling the wavelengths which are 
routed from the output ports of the wavelength splitters to the input ports of the AOXC 
COP chain module. 

Interleaved AOXC COP architecture 316 has a number of advantages. It allows 
10 extending the total number of wavelengths K in a modular way, by adding more AOXC 
COP(v) chain modules. For a given wavelength density which is supported by the OP 
arrays 202 of the AOXC COP(v) chains 236 f , the wavelength partitioning feature of the 
optical intcrleavers supports an increased wavelength density of the WDM wavelengths on 
the input and output fibers, by a factor of V, The architecture may utilize smaller standard 
15 OP building blocks, since the AOXC COP(v) chain 236' supports less than the total 
number of wavelengths, thus, the OP arrays 202 of the AOXC(v) chain 236* have less 
columns than the OP arrays 202 of a non-interleaved AOXC COP architecture with the 
same total number of wavelengths. 
Extended dimemiqn? of AOXC COP architectures 
20 The all optical cross connect (AOXC) chained optical package (COP) architecture 

is extendable in the number of input fibers, the number of output fibers, and/or, the number 
of supported wavelengths, as follows: 

For increasing the number of input fibers : 

(1) in the various 'Chained Input' architectures ('BCr and BICT, in FIGS. 6 and 
25 7, respectively), the number of rows in the OP arrays 202 are extended; 

(2) in the various 'Chained Output' architectures CBCO 1 , 'BICO f , 'CCO', 'CICO', 
'MCO', and, <MICO f , in FIGS, 8, 9, 11, 12, 13, and, 14, respectively), the number of OP 
anrays 202, and, the number of optical filters 264 (either as separated or as integrated into 
OP arrays 202), are extended; and 

30 (3) in the various Wavelength Chained Output 1 architectures (BWCO* and 

*MWCO\ in FIGS. 10 and 15, respectively), the number of optical filters 264, and, the 
number of columns in each of the OP arrays 202, are extended. 
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for iwrefrsjng jfag mwtev of output fibers: 

(1) in toe various 'Chained Input* architectures ('BCT and 'BICF, in FIGS. 6 and 
7, respectively), the number of OP arrays 202, and, the number of optical multiplexers 252, 
either as separated or as integrated into OP arrays 202, are extended; 
5 (2) in the various 'Chained Output* architectures ('BCO', 'BICO\ 'CCO', 'CICO', 

'MCO\ and, f MICO', in FIGS. 8, 9, 11, 12, 13, and, 14, respectively, the number of rows in 
OP arrays 202 are extended; and 

(3) in the various 'Wavelength Chained Output 1 architectures ('BWCO 1 and 
MWCO 1 , in FIGS, 10 and IS, respectively), the number of rows in OP anays 202 are 
10 extended. 

For increasing the fflmfcr wavelength?: 

(1) in the various 'Chained Input' architectures (BCr and 'BICI', in FIGS, 6 and 
7 5 respectively), the number of columns in OP arrays 202, and, the number of columns in 
optical multiplexers 252 (either as separated or as integrated into OP arrays 202), are 

15 extended; 

(2) in the various 'Chained Output' architectures ('BCO', 'BICO', 'CCO', 'CICO', 
'MCO', and, 'MICO', in FIGS. 8, 9, 11, 12, 13, and, 14, respectively), the number of 
columns in OP arrays 202, and, the number of columns in optical filters 264, either as 
separated or as integrated into OP arrays 202, are extended; and 

20 (3) in the various 'Wavelength Chained Output' architectures ('BWCO' and 

'MWCO', in FIGS, 10 and 15, respectively), the number of OP arrays 202, and, the number 
of columns in optical filters 264, are extended. 

In all cases, the number of OS elements 204 (FIG. 3) increases linearly with the 
increase in capacity. This makes the reservation of resources for future expansion very 
25 reasonable in most cases. 

Due to the particular COP architecture, extending the AOXC COP array 
architecture in any of the dimensions has a small effect of the insertion loss, whereby: 

The number of OS elements that divert a particular wavelength component of an 
optical signal from a particular input fiber 232 to a particular output fiber 234 remains two 
30 in the various 'Chained Input', 'Chained Output' and 'Wavelength Chained Output' 
architectures, independent of the size of the AOXC COP array architecture. 
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The number of optical connections that the light from an input fiber 232 to an 
output fiber 234 encounters between am OP array 202 and either a separated optical 
multiplexer 2S2 or a separated optical filter 264 remains one, independent of the size of the 
AOXC COP array. 

5 The number of transparent OS elements that ajre traversed will grow with the 

exten ;ion of the size of the AOXC COP array, however, the contribution of this to the 
insertion loss is very smaJ). 

The number of optical connections between OP arrays 202 that the light traverses 
does not change with the increase of the following dimensions: (1) the number of 

10 wavelengths, in the various 'Chained Input* and 'Chained Output' AOXC COP 
archiectures; (2) the number of input fibers, in the various 'Chained Input' and Wavelength 
Chained Output 1 AOXC COP architectures; and (3) the number output fibers, in the 
various 'Chained Output' and 'Wavelength Chained Output' AOXC COP architectures. 

No change in the number of optical couplers 286, and hence no change in the 

15 inserion loss due to those elements, even if the dimensions of the AOXC COP array 
incre ase, as long as the number of 'coupled' output fibers docs not change. This applies to 
the various 'coupled 1 and "mixed' architectures ('CCO', 'CICO', 'MCO\ WCO\ and, 
'MWCO', in FIGS. 1 1, 12, 13, 14, and, 15, respectively). 
Extended switching and mutiny feature^ 

20 Gr giving 

The grouping feature, of routing different X fc components of optical signals from 
diffe ent input fibers n 232 into a same output fiber m 234, is a basic property of any 
'optical cross connect' (OXC) device. 

The grouping function in the various 'Chained Input/ architectures ('BCI' and 'BICF, 

25 in ) IGS. 6 and 7, respectively) is implemented simply when more than one element 
OS(u,k) in different rows n and columns k are activated in the same array OP(m) 202. 
Not* that this implements an integrated splitter function. The diverted portions of the 
different A* components from the different input fibers n 232 are then multiplexed into a 
samt. output fiber m 234 by activating the respective elements OS(k) in the optical 

30 multiplexer OM(m) 252 in *BCr AOXC COP architecture 246 (FIG. 6), or, by activating 
the espective elements OS(N+l,k) in the anay OP(m) 202 when optical multiplexer 
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OP(n) 202 when optical multiplexers OM(m) 252 are integrated as row N+l 256 of arrays 
OP(r; ;) 202 in BICT AOXC COP architecture 254 (FIG. 7). 

The multicast function in the various 'Chained Output' architectures ('BCO', 'BICO', 
•CCC, 'CICO', 'MCO', and, 'MICO', in FIGS. 8, 9, 11, 12, 13, and, 14, respectively) is 
5 implemented simply when at least a portion of the X k component of the optical signal from 
input fiber n 232 that is routed into column k of array OP(n) 202 (by activating an element 
OS(k: of optical filter OF(n) 264 in the 'BCO', 'CCO\ and 'MCO', AOXC COP 
archiectures (258 (FIG. 8), 280 (FIG. 11), and, 294 (FIG. 13), respectively), or, by 
activating an element OS(0,k) of array OP(n) 202 when optical filter OF(n) 264 is 

10 integrated as row 0 270 of array OP(n) 202 in the 'BICO\ 'CICO', and, 'MICO' AOXC 
archiectures (268 (FIG. 9), 290 (FIG. 12), and, 312 (FIG. 14), respectively)), is partially 
diver, ed by more than one OS element in rows 1 to M in the same column k of array OP(n) 
202, 1 hat is, to multiple output fibers m 234, 

The multicast function in the various 'Wavelength Chained Output' architectures 

15 (W :0' 272 (FIG. 10), and, WCO' 314 (FIG. 15), respectively) is implemented simply 
when at least a portion of the X* component of the optical signal from input fiber n 232 that 
is rouied into column n of array OP(k) 202 (by activating an element OS(k) of optical filter 
OF(n 264), is partially diverted by more than one OS element in column n of OP(k) array 
202, Hiat is, to multiple output fibers m 234. 

20 0ne particular application of the inherent multicast capability of the AOXC COP 

archit ;cture is a '1 + 1' protection mechanism which is enabled by splitting and transmitting 
the same optical signal out to two different output fibers. This split signal could be further 
routes through different paths to the same destination. A receiver at the destination 
receives two instances of the same optical signal and monitors the active instance. In case 

25 of failure of the active instance, the receiver can switch over to the second instance 
instantaneously, causing minimal loss of information. 
Addin g and/or Dropping single wavelengths 

FIG. 17 is a schematic diagram illustrating a specific embodiment 332 of general all 
optica, cross connect (AOXC) chained optical package (COP) architecture 230 (FIG. 5), 

30 featur ng an 'add' mechanism 334 and a 'drop' mechanism 336, for adding and/or dropping 
single wavelengths. 
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The addition of wavelengths carried by up to R fibers, referred to as 'added 
wavelengths' input fibers 338, where each fiber r carries a single wavelength X r , is 
illustr ited in FIG. 1 7. 'Add 1 mechanism 334 is based on connecting a [M x R] dimensioned 
OP array, herein, referred to as an ADD OP array 340, to the [N x M x K] dimensioned 
5 AOX( : COP chain 236, where: 

(1) for r = 1 to R, 'added wavelengths' input fiber r 338 is optically connected 
to the bottom of column r of ADD OP array 340, where all OS elements in column r are 
select ve to the same wavelength X t ; and 

(2) for m * 1 to M, the right side of row m of ADD OP array 340 is optically 
1 0 connected to output-grouping 342 input port m of AOXC COP chain 236. 

'Add' mechanism 334 operates as follows. Activating an element OS(m,r) in ADD 
OP a ray 340 selects at least a portion of a wavelength A* component from 'added 
wavelengths' input fiber r 338 to be added to the group of wavelengths routed to output 
fiber i a 234. Multicasting of an added wavelength carried by an 'added wavelengths' input 

1 5 fiber j 338 may be implemented by activating more than one OS in the respective column r 
of AI D OP array 340, and, grouping a set of added wavelengths airried by a set of 'added 
wavelengths' input fibers 338 to a particular output fiber m 234 is implemented by 
activating more than one OS element in the respective row m of ADD OP array 340. More 
than ( ne set of single wavelengths carried by more than one set of 'added wavelengths' 

20 input libers 338, may be added to a particular AOXC COP chain 236, by chaining the M 
rows )f multiple ADD OP arrays 340 according to an 'ADD cascading' configuration (not 
shown in FIG. 1 7), in which, for m ■ 1 to M, the right side of row m of ADD OP array 340 
is optically connected to an 'ADD cascading' input port m 344 of a next ADD OP array 
340 i; i the cascade. Note, however, that routing of the same wavelength from more than 

25 one input source, either input fibers m 232, and/or, 'added wavelengths' input fibers r 338, 
and/o , 'ADD cascading' input ports 344, to a same output fiber 234 causes a conflict, 
whereby, management and control logic mechanism (MCLM) 238 prevents this situation. 

Dropping of up to S wavelengths into, up to S fibers s, for s = 1 to S, with single 
wavelength A* per fiber, herein, referred to as 'dropped wavelengths' output fibers 346, is 

30 also illustrated in FIG. 17. Operation of 'drop 1 mechanism 336 is based on connecting a 
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[N x S | dimensioned OP array, herein, referred to as a DROP OP array 348, to [N x M x K] 

dimensioned AOXC COP chain 236, where: 

(1) for n - 1 to N, input-residuals output port n 350 of AOXC COP chain 236 is 

optically connected to the left of row n of DROP OP array 336; and 
5 (2) for s » 1 to S, "dropped wavelengths' output fiber s 346, carrying a single 

dropp ;d X s , is optically connected to the top of column s of DROP OP array 348, where all 

OS el ments in column s are selective to a same wavelength A*. 

'Drop' mechanism 336 operates as follows. Activating an OSfas) in DROP OP 

array *48 selects at least a portion of a wavelength X 8 component from an input-residuals 
10 outpu port n 350 of AOXC COP chain 236 to be dropped into 'dropped wavelengths' 

outpu- fiber s 346. Activating more than one OS element in a row simply drops more than 

one vavelength from a particular input-residuals output port 350, Activating more than 

one ( -S element per column s will cause a conflict of dropping components with a same 

wave ength, X,, of the optical signals from different input-residuals output ports 350 of 
15 AOXC COP chain 236, into a same 'dropped wavelengths' output fiber s 346, whereby 

management and control logic mechanism (MCLM) 238 prevents this situation. 

Note that in the description above, the input to DROP OP array 348 is from 

input residuals output ports 350 of AOXC COP chain 236. Alternatively, the input to 

DRC P OP array 348 could be split from input fibers 232 at the input to AOXC COP chain 
20 236. 

More than one set of wavelengths may be dropped from a particular AOXC COP 
chaii 236, into more than one set of 'dropped wavelengths' output fibers 346, by chaining 
the \ T rows of multiple DROP OP arrays 348 according to a 'DROP cascading 1 
conf guration (not shown in FIG. 17), in which, for n = 1 to N, a 'DROP cascading 1 output 

25 port 'i 352 of DROP OP array 348 is optically connected to the left side of row n of a next 
ADI » OP array 348 in the cascade. 

'Add' mechanism 334 and 'drop' mechanism 336 may be added to, without affecting 
oper ition of, AOXC COP chain 236. Moreover, when these mechanisms are added to an 
AO} C COP chain that features previously described and illustrated Interleaved AOXC 

30 COI architecture 316 (FIG. 16), 'add 1 mechanism 334 and/or 'drop' mechanism 336 may 
each be added separately to each of the V [N x M x K v ] AOXC(v) chains 236' (FIG. 16). 
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Morec ver, management and control logic mechanism (MCLM) 238 logically manages and 
controls AOXC COP chain 236, 'add' mechanism 334, and, 'drop' mechanism 336. 

These types of 'add' and 'drop' mechanisms are useful for connecting a router port, 
an ATM switch, or, any other user device or mechanism, to the extendable all optical 
5 communication network. The advantage in the way each mechanism integrates with the 
COP AOXC architecture is that it interfaces through a small number of fibers, whereby 
each n iechanism can be added in an incremental or partial way. 
Addin r and/or Dropping groups of a plurality of waveleng ths 

FIG. 18 is a schematic diagram illustrating a specific embodiment 333 of general all 

10 optica cross connect (AOXC) chained optical package (COP) architecture 230 of FIG. 5, 
featuri ng a 'grouped add' mechanism 334* and a 'grouped drop' mechanism 336', for adding 
and/oi dropping groups of a plurality of wavelengths. 

The addition of up to G fibers with up to R wavelengths per fiber, referred to as 
'added wavelengths* input fibers 338\ is illustrated in FIG. 18. 'Grouped add' mechanism 

1 5 334 1 i ■ based on connecting a[(G + M)xR] OP array, herein, referred to as a grouped 
ADD OP array 340', to the [N x M x K] dimensioned AOXC COP chain 236. Up to G 
'added wavelengths' input fibers g 338' , for g = l to G, each carrying up to R wavelengths 
Xr, for r = 1 to R, are connected to the left side of the G lower rows of grouped ADD OP 
array J40\ that is, the lower part 354 of grouped ADD OP array 340\ Output-grouping 

20 input ; >orts 342' of AOXC COP chain 236 are connected to the right side of the higher M 
rows <«f grouped ADD OP array 340', that is, the upper part 356 of grouped ADD OP array 
340', in a way similar to previously described and illustrated Adding and/or Dropping 
single wavelengths. All OS elements in a column r of grouped ADD OP array 340' are 
selecti ve to a same wavelength 

25 'Grouped add' mechanism 334' operates as follows. Activating an element OS(g,r) 

in lowiir part 354 of grouped ADD OP array 340', selects at least a portion of a wavelength 
Xr component from a particular 'added wavelengths' input fiber g 338' to be added to the 
group ;f output fibers 234. Activating an element OS(G+m,r) in up]>er part 356 of grouped 
ADD )P array 340', selects at least a portion of a wavelength X T component to be routed to 

30 an outwit fiber m 234. Activating more than one OS element in a column r in lower pan 
354 01 grouped ADD OP array 340' leads to a conflict of adding components with a same 
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wavehngth, X u of the optical signals from different 'added wavelengths' input fibers 338' 
to a same output fiber m 234, whereby management and control logic mechanism (MCLM) 
238 prevents this situation. 

Multicast of added wavelengths is implemented by activating more than one OS 
5 element in a column in upper part 356 of grouped ADD OP array 340V Activating more 
than c ne OS element in any row of grouped ADD OP array 340' simply leads to grouping 
of ad led wavelengths, either grouping from an 'added wavelengths' input fiber g 338', 
when the row is g in lower part 354, or, grouping to an output fiber m 234, when the row is 
G+m in upper part 356. 

1 0 Only up to R wavelengths can be added with a single grouped ADD OP array 340'. 

In or- ler to add more wavelengths, it is possible to chain the M rows of upper part 356 of 
multiple grouped ADD OP arrays 340*, according to an 'ADD cascading' configuration, 
(not ihown in FIG, 1 8), in which, for m - 1 to M, the right side of row G+m of upper part 
356 at a grouped ADD OP array 340' is optically connected to a grouped 'ADD cascading' 

1 5 inpu port m 344' of a next ADD OP array 340' in the cascade. 

The dropping of up to S wavelengths on up to F fibers, referred to as 'dropped 
wav 'lengths' output fibers 346', is also illustrated in FIG. 18. 'Grouped drop' mechanism 
336' is based on connecting a [(N + F)xS] OP array, herein, referred to as a grouped 
DRf )P OP array 348', to the [N x M x K] dimensioned AOXC COP chain 236. The N 

20 inpx t-residuals output ports 350' of AOXC COP chain 236 are connected to the left of the 
low * N rows of grouped DROP OP array 348', that is, the lower part 358 of grouped 
DR» )P OP array 348'. The F 'dropped wavelengths' output fibers f 346', for f = 1 to F, each 
for carrying S dropped wavelengths X 8 , for s * 1 to S, are optically connected to the right 
sidt. of the higher F rows of grouped DROP OP array 348', that is, the upper part 360 of 

25 gro iped DROP OP array 348'. All OS elements in a column s of grouped DROP OP array 
34* ' are selective to a same wavelength k*. 

'Grouped drop' mechanism 336' operates as follows. Activating an element OS(n,s) 
in lower part 358 of grouped DROP OP array 348\ selects at least a portion of a 
wavelength X s component to be dropped from an input-residuals output port n 350' of 

30 AOXC COP chain 236. Activating an element OS(N+f,s) in upper part 360 of grouped 
DIOP OP array 348', selects at least a portion of a wavelength k s component to be routed 
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to 'di opped wavelengths' output fiber f 346\ Activating more than one OS element in any 
row >f grouped DROP OP array 348\ simply drops more than one wavelength from a 
parti .uiJar input-residuals output port 350', into a particular 'dropped wavelengths' output 
fiber 346'. Activating more than one OS element per column s in lower part 358 of 
5 grouped DROP OP array 348' will cause a conflict of dropping components with a same 
wav< length, X*, of the optical signals from different input-residuals output ports 350 1 of 
AO::C COP chain 236, into a same 'dropped wavelengths 1 output fiber f 346\ whereby 
man tgement and control logic mechanism (MCLM) 238 prevents this situation. 

Multicasting of dropped wavelengths may be implemented by activating more than 
10 one OS per column in upper part 360 of grouped DROP OP array 348\ Activating more 
than one OS element in any row of grouped DROP OP array 348 f simply leads to grouping 
of cropped wavelengths, either grouping from an input-residuals output port n 350 1 of 
AOXC COP chain 236, when the row is n in lower part 358, or, grouping to a 'dropped 
wavelengths' output fiber f 346\ when the row is N+f in upper part 360, 
1 5 Note that in the description above, the input to grouped DROP OP array 348 r is 

from input-residuals output ports 350* of AOXC COP chain 236. Alternatively, the input 
to g-ouped DROP OP array 348 f could be split from input fibers 232 at the input to AOXC 
CO:> chain 236. 

Only up to S wavelengths can be dropped with a single grouped DROP OP array 
20 348 . In order to drop more wavelengths, it is possible to chain the N rows of lower part 
358 of multiple grouped DROP OP arrays 348', according to a T DROP cascading' 
configuration (not shown in FIG. 18), in which, for n = 1 to N, a 'DROP cascading 1 output 
pon n 352* of a grouped DROP OP array 348' is optically connected to the left side of row 
n o1 a lower part 358 of a next grouped ADD OP array 348', in the cascade. 
25 'Grouped add 1 mechanism 334' and 'grouped drop' mechanism 336* may be added 

to, without affecting operation of, AOXC COP chain 236, Moreover, when these 
mechanisms are added to an AOXC COP chain that features previously described and 
illustrated Interleaved AOXC COP architecture 316 (FIG. 16), 'grouped add' mechanism 
33<: ' may be added separately to each of the V [N x M x K v ] AOXC(v) chains 236\ via the 
30 v'tf 'output grouping (v)' group of output-grouping input ports 330 (FIG. 16). Furthermore, 
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management and control logic mechanism (MCLM) 238 logically manages and controls 
AOX :: COP chain 236, 'grouped add' mechanism 334, and, 'grouped drop' mechanism 336. 

These types of 'grouped add' and 'grouped drop' mechanisms are useful, for 
example, and in a non-limiting fashion, to connect, via a set of transponders, to user 

5 equipment that already includes WDM multiplexers and demultiplexers. The advantage in 
the v ay each mechanism integrates with the COP AOXC COP architecture is that it 
interfaces through a small number of fibers, whereby each mechanism can be added in an 
incremental or partial way. 
Wave feneth conversion and restoration 

10 Wavelength conversion may be needed in order to prevent blocking during the 

wavelength switching and routing process in the optical communication system. 
Restoration may be required when a routed path experiences too much loss. There are 
man} ways to implement wavelength conversion and restoration functions. Basic system 
200 eaturing optical package (OP) array 202 of optical switch (OS) elements 204, and, 

15 marcgement and control logic mechanism 214 (FIG. 3); scaled-up system 216 featuring 
scalel-up optical package (OP) array 205, and, scaled-up management and control logic 
mecl anism (MCLM) 226 (FIG. 4); general embodiment of extendable all optical cross 
connxt (AOXC) chained optical package (COP) architecture 230 featuring [NxMxK] 
dimensioned AOXC COP array 236 of OP arrays 202, and, management and control logic 

20 meclianism 238 (FIG. 5); and, the different specific embodiments of extendable all optical 
cross connect (AOXC) chained optical package (COP) architectures (FIGS. 6-18), of the 
presc at invention, described and illustrated herein, are each optimized for minimizing the 
number of detector/laser units, maintaining a 'pool' of convert/restore units according to the 
maximal number of concurrent conversion/restoration required at any particular time, 

25 rather than a convert/restore unit per each combination of input fiber, wavelength and 
outpi it fiber. 

Implementing the wavelength convert/restore functionality within the embodiments 
of the present invention, is based on utilizing the 'add/drop' mechanisms previously 
described and illustrated, above. A wavelength A*, to be converted/restored, is dropped 
30 from the optical signal, routed to a convert/restore unit, and the converted/restored 
wavelength X y is added to the optical signal. When X* is not equal to Xy, the 
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conveil/restore unit operates as a converter, whereas, when X* equals X y , the convert/restore 
unit o pernios as a restorer. Maximum flexibility is achieved when the convert/restore units 
employ tunable lasers since a tunable laser may be used for conversion/restoration of 
different wavelengths at different times. 
5 Logical Management and Control 
Optical signal management and control 

Logical management and control of optical signals in the various AOXC COP 
architecture systems of the present invention, is performed by routing the managed optical 
signals, or portions thereof, to one or more detectors which are capable of measuring the 

10 monilored features of the optical signals. The measured values are then used by the 
management and control logic mechanism (MCLM) for logically managing and controlling 
the A OXC COP architecture system. 

There are several ways to logically switch and route the numaged optical signals to 
the detectors in an AOXC COP architecture system of the present invention. One way is to 

15 use if direct optical connection of an output signal, for example, a leftover signal, to a 
detec tor, Another way is to 'tap' and route a portion of the managed optical signal, to one 
or m >re detectors. The 'tapped' signal can be any of the optical signals in conjunction with 
the pirticular AOXC COP architecture system, that is, any of the input and output signals 
of th i AOXC COP chain, or 3 any optical signal inside the AOXC COP chain. Examples of 

20 tapping and routing of managed and controlled signals are illustrated in FIGS. 19A, 19B, 
and, 20. 

FIG. 19A is a schematic diagram illustrating an exemplary embodiment 370 of the 
management and control logic mechanism (MCLM) 238 of an extendable all optical cross 
connect (AOXC) chained optical package (COP) architecture system (not shown here), 

25 featuring single optical signal tapping and routing to multiple detectors. In FIG. 19A, an 
optic al filter OF 372 is used to filter out (tap) portions of up to W wavelength components 
X* , for w - 1 to W, of a single managed signal 374. The filtered out portions of the 
wavelength components, l x to X w > can be optically connected to detectors 376, D(l) to 
D(ty ), respectively. The portion of managed signal 374 which is not filtered out continues 

30 in th;? direction of managed signal 374, as a carry-over signal 378 for further managing and 
controlling, and/or, switching and routing, either by the AOXC COP architecture system, 
when managed signal 374 is an input signal or an internal optical signal of the AOXC COP 
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architrctuxe system, or, by other components of the optical communication system, when 
managed signal 374 is an output signal of the AOXC COP architecture system, 

FIG. 19B is a schematic diagram illustrating an exemplary embodiment 380 of the 
management and control logic mechanism (MCLM) 238 of an extendable all optical cross 
5 connect (AOXC) chained optical package (COP) architecture system (not shown here), 
featuring single optical signal tapping and routing to a single detector. Embodiment 380 of 
FIG. 9B is similar to embodiment 370 illustrated in FIG, 19A, in filtering out portions of 
wavelength components of managed signal 374, but, with the filtered out portions 
multiplexed by an optical multiplexer OM 382, and, routed to a single detector D 376*. 
10 The advantage here is that single detector D 376* can be used to monitor any single 
wave ength in the AOXC COP architecture system, one at a time, or, groups of 
wave engths simultaneously. 

FIG. 20 is a schematic diagram illustrating an exemplary embodiment 390 
|£ incorporating an extendable all optical cross connect (AOXC) chained optical package 

]£_ 15 (COF ) architecture as part of the management and control logic mechanism (MCLM) 238. 
Iff In FIG. 20, a [TxZxW] dimensioned AOXC COP architecture, referred to as 

if «T7i 

'management AOXC COP 392, is utilized for logically managing and controlling up to W 
CO wavelengths of a group of T managed signals 394, via a group of Z management and 

1 u control signals 400, and, a group of U leftover signals 398. 

□ 20 Management AOXC COP 392 can be constructed according to any of the 

;* previously described and illustrated specific embodiments of AOXC COP architectures, for 

m switcliing and routing the optical signals of the optical communication system, 

rj Mancfgement AOXC COP 392 can be interjected into a 'switching and routing AOXC COP' 

archi Lecture for logical management and control of any of the optical signals involved in 
25 the s pitching and routing process, that is, any of the input and output signals as well as any 
internal optical signal of the 'switching and routing AOXC COF architecture. 

Management AOXC COP 392 filters out (taps) portions of up to W wavelength 
components of the T managed signals 394, and, routes the filtered out portions into two 
sets i>f output signals for logical management and control purposes, that is, the group of Z 
30 management and control signals 400, and, the group of U leftover signals 398, The output 
signals for logical management and control purposes, for example, can be optically 
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connected to detectors (such as illustrated in FIGS. 19A and 19B), or, be optically 
connected to a group of 'management and control grouping' input ports 396 of another 
'management AOXC COP' architecture (not shown here), thus, forming a cascade of 
'management AOXC COP* architectures. 
5 The portion of each of the T managed signals 394 which is not filtered out by 

management AOXC COP 392 continues in the direction of each corresponding managed 
signal 394, as a carry-over signal 402 for further managing and controlling, and/or, 
switc iing and routing, either by a 'switching and routing AOXC COP 1 architecture, when 
each x)rresponding managed signal 394 is an input signal or an internal optical signal of 

10 the 's witching and routing AOXC COP' architecture, or, by other components of the optical 
comr junication system, when each corresponding managed signal 394 is an output signal 
of the: 'switching and routing AOXC COP architecture. 

Properly selecting the managed signals and their tapping points could be veiy 
effecive in the AOXC COP architecture system during the logical management and control 

1 5 of noLmal operation and/or fault detection. If necessary, the management and control logic 
melanism (MCLM) can combine information from multiple measurements to logically 
manage and control the AOXC COP architecture system and/or analyze a fault, for 
exarrple, a single detector might be insufficient to pinpoint a fault in a particular optical 
communication system. 

20 Thus, the method and system of the present invention support implementation of 

the si> called 'non-interfering network management'. Unlike prior art methods of optical 
network management, in which multichannel optical signals are converted to electronic 
sign* is, by implementing the present invention, network management functions manipulate 
such electronic signals, and, finally, these electronic signals are converted back to optical 

25 signals, whereby the network management method of the present invention is based on 
electronic manipulation of signals created from the diverted portions of the optical 
channels, while the non-diverted portions of the optical channels continue to propagate, 
unaf ected, in the optical communication network. 
Fauli detection in AOXC COP architectures 

30 Connecting the simplest type of light detector to leftover and/or optional 

inpu -residuals signals could be used for detecting major system problems. For example, 
(1) loss of light power at input-residuals output ports might indicate that an input fiber is 
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brokei i, and/or, malfunction of the AOXC COP architecture system, and, (2) loss of light at 
the to .) of a column k of an OP array, that is, no leftover signal, might indicate that a laser 
driving the wavelength X k at the source of a certain input optical signal has a problem, 
and/o , indicate a disconnection in the optical path from the source laser to the tapping 
point. 

P owe " management and control 

Power management and control in the various embodiments of the AOXC COP 
architecture systems of the present invention may be performed on any input and output 
signa of the AOXC COP system, as well as any optical signal inside the AOXC COP 
system. The power level of the optical signal can be managed and controlled to match a 
desired power spectrum, such as a uniform, equalized signal, by decreasing, for example, 
by ati enuating, or, by increasing, for example, by amplifying using an EDFA amplifier, the 
power level of the various wavelength components of the optical signal. It is the function 
of the management and control logic mechanism (MCLM) to counteract (compensate) the 
gain iion-umformity of an optical amplifier which is used for increasing the power of the 
optical signal. 

The power of input signals can be measured by tapping and measuring the input 
signals, or, by tapping and measuring the power levels at the optional input-residuals 
output fibers of the AOXC COP system. In the latter case, the measured value, in 
conjunction with the knowledge about the level of activation applied to the OS elements in 
the optical paths from the input fibers to the optional input-residuals output fibers, can be 
used to calculate the input signals power level, and, be used as data for operation of the 
management and control logic mechanism (MCLM). 

Power management of the output signals of an AOXC COP architecture system can 
be performed by tapping and measuring the output signals, using the measured power 
levels as data to the management and control logic mechanism (MCLM). Another possible 
way of determining the power of the output signals, is by measuring the power of the 
leftover signals', and then together with the knowledge of the level of activation of the OS 
elements in the optical paths leading to the leftover signals, to let the management and 
control logic mechanism (MCLM) compute the power switched into the output fibers of 
the AOXC COP system. 
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Following are description and illustrations of three dimensional (3-D) physical 
representations of structure and function of the present invention described and illustrated 
above in terms of two dimensional representations, relating to basic system 200 featuring 
opticf 1 package (OP) array 202 of optical switch (OS) elements 204, and, management and 
control logic mechanism 214 (FIG. 3); scaJed-up system 216 featuring scaled-up optical 
package (OP) array 205, and, scaled-up management and control logic mechanism 
(MCLM) 226 (FIG, 4); general embodiment of extendable all optical cross connect 
(AO},C) chained optical package (COP) architecture 230 featuring [N x M x K] 
dimensioned AOXC COP array 236 of OP arrays 202, and, management and control logic 
mecfannism 238 (FIG. 5); and, the different specific embodiments of extendable all optical 
cross connect (AOXC) chained optical package (COP) architectures (FIGS. 6-18), of the 
present invention. It is to be clearly understood that the following description and 
accompanying drawings do not refer to a different invention which is derived from, or, 
sepaiiite from, the above described and illustrated invention of a method and system for 
switching and routing, while logically managing and controlling, multichannel optical 
signals in an optica] communication system. 

For purposes of clarity of presentation and understanding, a three dimensional 
Cartesian coordinate system is used herein for describing and illustrating the 3-D 
representations of the system of the present invention, however, it is to be clearly 
understood that other three dimensional curvilinear coordinate systems, for example, 
spheical, cylindrical, hyperbolic, parabolic, can be used for describing, illustrating, and, 
implementing the present invention. 

The system of the present invention can be described and illustrated in terms of 
three dimensional (3-D) physical representations featuring a spatial array of optical switch 
(OS) elements, that is ? optical switch (OS) elements 204 previously described and 
illusi rated in FIG. 3, above, such as voltage controlled Electroholography based optical 
switches, for example, the optical switch (OS) element described in previously cited PCT 
International Patent Application Publication No, WO 00/02098, of PCT Patent Application 
No. I J CT/EL99/00368, and, in co-filed U.S. Patent Application No. 09/348,057, placed in 
predetermined positions relative to each other, thereby forming three dimensional 
representations of the above described and illustrated optical package (OP) array, for 
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example, optical package (OP) array 202 (FIG. 3 and other figures), with the following 
characteristics. 

As described above, the system of the present invention is designed for switching 
and routing each of the incoming wavelengths on each of the incoming input ports to each 

5 of the output ports. The system is designed for individually activating and controlling each 
OS el sment within a particular three dimensional OP array. Each OS element is selective 
to a particular wavelength, whereby, (1) when an OS element is not activated (switched 
off), hen it is transparent, causing minimal loss, to the light signal flowing through it, (2) 
wher the OS element is activated (switched on), then part of the light signal of the 

10 particular wavelength is diverted at a predetermined angle, where the percentage of the 
light signal that is diverted compared to the percentage of the light signal that continues is a 
function of the level of activation, and, the activated OS element is transparent to all the 
other light signal wavelengths, and, (3) the diverted light signal is grouped with the light 
signs j(s) traveling in the same direction, and can be farther diverted by another activated 

1 5 OS element, thus resulting in multiple switching of a certain light signal wavelength from a 
certain input port, 

A brief summary of the main features of (he three dimensional representation of the 
system of the present invention is provided here, followed by the detailed description and 
acco npanying drawings. The system features a three dimensional array of (N+2) by (M+2) 

20 by K cells. Each cell in the 3-D array of optical switch (OS) elements is constructed of a 
mechanical frame hosting an OS element. The frame provides for till electronic control and 
pownr of the OS element via appropriate wiring throughout the structure. Each cell has six 
facei with openings to accommodate light signals that flow through it, that is, sufficiently 
largt openings for a light beam to propagate through. Along an input ports axis (denoted 

25 T) a e N layers for switching light signals from N input ports, and two additional layers, 
one layer (to the right of the input switching layers) is used for grouping and collection 
oper itions to the output ports and a second (the rightmost) layer for monitoring and testing 
purposes. Along the output ports axis (denoted '0') are M layers for switching portions of 
the light signals from the input ports to M output ports, and two additional layers, one (the 

30 bottcim) layer is used for initial selection of specific wavelengths of the input ports, and, the 
second (the top) layer for monitoring and testing pmposes. Along the wavelength axis 
(denoted W) are K layere for switching the K specific wavelengths. 
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FIG. 21 is a schematic diagram illustrating an exemplary preferred embodiment of a 
basic optical switching cell 410 housing each optical switch (OS) element 204. Basic 
optical switching cell 410 features a containing structural frame 412 populated with optical 
switc \ (OS) element 204. Frame 412 provides for electronic wiring for controlling and 
5 powering OS element 204. Each such optical switching cell 410 of the 3-D array of optical 
switch (OS) elements 204 has six faces with openings sufficiently large for the light beam 
414 carrying the signals to flow and propagate through, as illustrated in FIG. 22, a 
schematic diagram illustrating light beam switching by optical switch (OS) element 204 
within the exemplary preferred embodiment of basic optical switching cell 410 of FIG. 21. 

1 0 FIG. 23 is a schematic diagram illustrating an exemplary preferred embodiment of a 

mecl anical structure or frame 416 for housing a 3-D array of optical switch (OS) elements. 
FIG. 24 is a schematic diagram illustrating an exemplary preferred embodiment 418 of 
mechanical frame 416 of FIG. 23 fully populated with optical switch (OS) elements 204. 

FIG. 25 is a schematic diagram illustrating an exemplary embodiment 420 of a 3-D 

15 array 422 of optical switch (OS) elements 204, without mechanical frame 416, together 
with the axes of the 3-D array and connections to input ports 430 and output ports 432 of 
an exemplary embodiment of an AOXC COP architecture system of the present invention, 
including two management and control logic layers, and, an interface 434 for optically 
connoting detectors of management and control logic mechanism (MCLM) 238, via 

20 interlace 239, to the optical switch (OS) elements of these layers. For simplicity in clearly 
understanding method of operation of the system, an exemplary embodiment is shown in 
FIGfl. 25 - 35 (B5-B15), in which the OS elements 204 are rectangular boxes with the 
base. , of an OS element being parallel to its switching plane, that is, the plane defined by 
the i npinging and diverted beams. In these figures, the following notation and terminology 

25 are wed: 

1 . 3-D array 422 of optical switch (OS) elements 204 has three axes: I (Input) 424, O 
(Output) 426 and W (Wavelength) 428. 

2. Each layer (plane) in 3-D array 422 of optical switch (OS) elements 204 is denoted 
by tf e two axes it is parallel to, and a layer number. 

30 3. The output layers are denoted IW m - the layer is parallel to the IxW plane and is in 
distance m from the origin of 3-D array 422 of optical switch (OS) elements 204. 
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In this direction 3-D array 422 has M+2 layers denoted IWq, IWi, IW mj 

IW M ,'W M+ i. 

IWi to IWm are the M output planes. 

IWo is the input-connections and optional input-residuals layer (FIG, 27). 
IWWi is the 'second-switching management-and-controi' layer (FIG* 32). 

4. The wavelength layers are denoted IO k - the layer is parallel to the fctO plane and is 
in dislance k from the origin of 3-D array 422 of optical switch (OS) elements 204. 

Ir this direction 3-D array 422 has K layers denoted IOi, ..>> 10^ IOk, which 
correspond to the K wavelengths 436, that is, X\ to A*, carried via the input ports. 

5. The input layers are denoted OW B - the layer is parallel to the OxW plane and is in 
distance n from the origin of 3-D array 422 of optical switch (OS) elements 204. 

In this direction, 3-D array 422 has N+2 layers denoted OWi, OW n , OW N) 
OW M1 >OW N+2 . 

OWi to OW N are the N input planes, 
OWm+i is the output ports plane. 

OW N ^ is the 'third-switching management-and-control' layer (see Figure B14), 

6. Each OS element 204 is referred to and referenced by triple indices (OS nMk ), 
where: 

n - is the input layer index, varying from 1 to N+2; 

m - is the output layer index , varying from 0 to M+l ; and 

k - for the wavelength layer index, varying from 1 to K. 

7. Each switching path (SP) connecting the k-th wavelength of the n-th input port to 
the oth output port, is referred to and referenced by triple indices (SP^), where: 

n - is the input port index, varying from 1 to N; 

m - is the output port index, varying from 1 to M; and 

k - is the wavelength index, varying from 1 to K. 

FIG. 26 is a schematic diagram illustrating highlighting of the various planes of 3-D 
array 422 of optical switch (OS) elements 204 of FIG. 25. 

Plane A, referenced in FIG. 26 by the circled letter 'A 1 , is the 'input-connections and 
inpui-residuals' layer IW 0 . This bottom plane of 3-D array 422 of optical switch (OS) 
elerr ents 204 is used for input ports connection, for selection of specific wavelengths from 
the input streams and for connection of the optional input-residuals signals. As illustrated 
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in FIGS. 25 and 27, the input ports I D , for n = 1 to N, 430, are connected to the OS 
elements OSn,o.i along the leftmost column of Plane A. The optional input-residuals IR n 
of the input ports I„ (for n = 1 to N), are connected to the OS elements OSn f o,K along the 
rightnost column of Plane A; 
5 Plane B, referenced in FIG. 26 by the circled letter *B\ is a wavelength-specific 

switc hing layer 10* (for k - 1 to K). OS elements 204 in Plane B are selective to the 
particular wavelength and, perform all switching and routing operations of this 
wavelength from all the input streams to all the output streams. The symbol , for k = 1 
to K, in FIG. 25 indicates the direction of movement of the switched signals within the 

1 0 corre sponding K\ layer; 

Plane C, referenced in FIG, 26 by the circled letter *C, is the optional 
output-groupings and output-connections layer 0\\W As illustrated in FIGS, 25 and 28, 
the cutput ports O m , for m = 1 to M, 432, are connected to the OS elements OSn+i,^ 
alonj! the rightmost column of Plane C; an additional output port Om+i 433 for 

15 management and control purposes is connected to the top element OSn+i,m+i,k. Plane C 
also contains the connections to the output-grouping ports, which are optional input ports 
that may be used in the embodiment of the add/drop feature described below. These ports 
0G W , for m « 1 to M are connected to the OS elements OSn+i^j along the leftmost 
column of Plane C. 

20 Plane D, referenced in FIG, 26 by the circled letter 'D\ is the 'second-switching 

manngement-and-contror layer IW M +i- As also highlighted in FIGS. 32 and 33, this top 
plane of 3-D array 422 of optical switch (OS) elements 204, together with detectors for 
management and control logic mechanism 238 which are optically connected, via interface 
239, to OS elements 204 of this layer, is used for logical management and control Junctions 

25 of th « second-switching operations; and 

Plane E, referenced in FIG. 26 by the circled letter 'E', is the 
'thircl-switching-management-and-contror layer OW N+2 . As also highlighted in FIGS. 34 
and 35, this rightmost plane of 3-D array 422 of optical switch (OS) elements 204, together 
with detectors for management and control logic mechanism 238 which are optically 

30 comected, via interface 239, to OS elements 204 of this layer, is used for logical 
man agement and control functions of the third-switching operations. 
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FIG. 27 is a schematic diagram illustrating the input connections and optional input 
residu sis layer IWq, of 3-D array 422 of FIG, 25, with OS elements 204 and the 
connections to the input ports and to the optional input-residuals. Shown are the N input 
ports i a , for n « 1 to N, 430 , connected to the leftmost column of tliis layer. Each of the K 
columns denoted as , for k « 1 to K, contains the OS element?} which are selective to 
the pisjiicular wavelength k, with the OS element OS n ,o,k being responsible for selecting 
(demultiplexing) the wavelength k fiom the input port I a . The residual (the un-switched) 
portions of the input signals are leaving the rightmost column of this layer as the 
input residuals IR n , for n = 1 to N, 438. 

FIG. 28 is a schematic diagram illustrating the optional output groupings and an 
outpi t connections layer, of 3-D airay 422 of FIG, 25, OW N h.i, with its OS elements 204 
and connections to output ports 432 and to the output-grouping ports. Shown are the M 
output ports O m , for m ~ 1 to M, 432 connected to the rightmost column of this layer. 
Additional output port Om+i 433 for management purposes, is connected to the top element 
of this column. Shown are also the output-grouping ports OG m , for m = 1 to M, 440, 
connected to the OS elements OS N+ i,nu along the leftmost column of this layer. The 
output-grouping ports are optional input ports that may be used in the embodiments of the 
addAlxop feature described below. 
Trim * Switching 

FIG, 29 is a schematic diagram illustrating the mechanism of triple switching, of 
3-D array 422 of FIG. 25. The switching operation is shown with an appropriate switching 
path SPn^k, (indicated by dashed lines), of a wavelength \i of an input port I n 430 into an 
outp it port O m 432. In order to activate the switching path SP wk5 three OS elements are 
'switched on*: 

(1) the element OS^ojk 204' at the n-th row of the bottom plane IW 0 , in order to 
selec t at least a portion of wavelength k from the input port I* and to direct this portion 
upwards into the n-th column of the plane 10*; 

(2) the element OS^, 204" , in order to further direct at least a portion of 
wavelength k to the right into the m-th row of the plane IO k ; and 

(3) the element OS^j^ 204'" , in order to further direct at least a portion of 
wavelength k into output port O m 432. 



69 

The three OS elements 204 switched on to perform a triple switching have the same 
k index. Namely, all three switching operations occur in the same 10* plane, which is the 
plane responsible for all switching operations of the k-th wavelength from all input ports to 
all ou put ports. The un-switched portion of the k-th wavelength at each switched-on OS 
element, and the other wavelengths continue unaffected in the direction of the impinging 
light The optical signals unaffected by a certain OS element can be switched and routed 
by otier switched-on OS elements. The light unaffected by any of first-switching OS 
elements 204* leaves 3-D array 422 of optical switch (OS) elements as input-residuals 
(FIG. 27). The light affected by a certain first-switching (at OS Bt0 ,k 204') and unaffected by 
secord-switching OS elements 204" enters the element OS^m+u of the 'second-switching 
management-and-control 1 plane IW M +i, as a second-switching management signal. As 
show a in FIGS. 32 and 33, the second-switching management signals can be fiirther 
switched by the OS elements in this management-and-control plane, and then leave 3-D 
array 422 as leftover signals carried over to the detectors which arc optically connected to 
the OS elements in this plane, and/or leave 3-D array 422 through the output port 0 M +i 
433, and/or through the supervisory output port Sim. The unaffected light at a 
third switching OS element 204" enters the element QSi^k of the ^third-switching 
management-and-contror plane OW N+2 ,as a third-switching management signal. As shown 
in FIGS. 34 and 35, the third-switching management signals can be further switched by the 
OS dements in this management-and-control plane, and then leave 3-D array 422 as 
leftover signals carried over to the detectors which are optically connected to the OS 
elements in this plane, and/or leave 3-D array 422 through the supervisory output ports S, 
to Sn+i. 

The portion of light switched by a element OS^ will be denoted as a 
num ber between 0 and 1, where the extreme value, p^ equals 0, means that the element 
OS n?tl>k is not activated at all, whereas the extreme value, equals 1, means full 
switching. Intermediate values between 0 and 1 indicate partial switching of the impinging 
light intensity. The element OS^k is said to be in an W (active) state if and only if 
is greater than 0. Thus, the portion of the light switched by the triple-switch along a 
switching path SP^k is given by the equation: 
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The term P n ,m,ic is a number between 0 and 1 indicating the portion of the intensity 
of wavelength k of input port In reaching output port O m , Hence, this term P^ >m ,k is 'on\ that 
is, ha< a value greater than 0, implying that the switching and routing is operable, if and 
only i " all of its three p components are 'on'. 
5 The basic function of the 3-D array of optical switch (OS) elements is to route 

group ; of one or more wavelengths from any input fiber to any output fiber, according to 
logics 1 management and control mechanism (MCLM) 238. The 3-D array of optical switch 
(OS) .dements provides complete flexibility in routing any wavelength from any input fiber 
to an; output fiber independent of one another. Note, however, that MCLM 238 prevents 
10 the c »nflict of routing a same wavelength from more then one input fiber to the same 
outpi l fiber. 
Grouping 

FIG. 30 is a schematic diagram illustrating the grouping operation in 3-D array 422 
of epical switch (OS) elements 204 of FIG. 25, that is, switching two or more different 
1 5 wave lengths from one or more input ports 430 into a same output port 432. In the example 
shown, two triple-switchings SP^ and SP nW , indicated by short dashed and long 
dashrd lines, respectively, switch at least a portion of wavelength k from input port I D , and 
at lei 3t a portion of wavelength k' from input port I n . into same output port O m 432. 
Mult casting 

20 FIG » 31 is a schematic diagram illustrating the multicasting operation in 3-D array 

422 of optical switch (OS) elements 204 of FIG, 25, that is, switching at least portions of 
the s une wavelength from a common input port 430 into two or more different output ports 
432. The importance of the multicast ftinction is in the areas of routing, switching, and, 
transmission protection through, for example, redundant transmission, and, in transmitting 

25 to gjaups of receivers. In the example shown, two triple-switchings SP n , m , k and SP n . m ^ , 
indk ated by short dashed and long dashed lines, respectively, switch at least portions of the 
sam< wavelength k from a same input port I n 430 into different output ports O m and CW, 
respectively. 

Logl -al Management and Control 
30 The proposed architecture, as highlighted in FIG. 27 concerning the input-residua) s, 

and in FIGS. 22 - 25 concerning the second-switching and third-switching management 
sign ds, provides a way to tap the routed information, monitor and manage its quality, 



71 

wirhot c intervening in the switching and routing operation. It is achieved by analyzing the 
residu d ('leftover') signals that reach the management-and-control layers, that is, the 
'secon 3 -switching management-and-control layer rW M+l , and the 'third-switching 
manaj.ement-and-control layer 0Wn+2> following the second and third switchings, 
5 respec lively, together with the input-residuals signals that leave the input-connections and 
optional input -residuals layer 1W 0 , following the first switchings. The leftover and optional 
input* residuals signals are well defined portions of the original signals, so they can be used, 
for example, to monitor the characteristics of the original signal for management analysis. 
The management-and-control layers act as any other switching and routing layers of 
10 3-D z :Tay 422 of optical switch (OS) elements 204. Thus, the leftover optical signals from 
the v; rious wavelengths can be routed to a common output conduit, for example, for being 
analysed intermittently by a common monitoring and management equipment, and/or, 
converted to electrical signals by the detectors which are optically connected to the OS 
clem, nts of the management-and-control layers, for example, for power, error, and data 
1 5 anal> sis, and used to ensure the quality of the signal transmission and operation of the 3-D 
array of optical switch (OS) elements, 

FIG. 32 is a schematic diagram illustrating highlighting of the second-switching 
maniigement-and-control layer or plane, IW M +i, of 3-D array 422 of optical switch (OS) 
elements of FIG, 25, together with an interface 434 for optically connecting 
20 seco. id-switching management detectors, operatively connected to management and control 
logic mechanism 238 via interface 239, to the optical switch (OS) elements of this layer. 

FIG. 33 is a schematic diagram illustrating the switching and routing operations 
with n the second-switching management-and-control layer of 3-D array 422 of optical 
switch (OS) elements of FIG. 25. Here is shown how a second-switching management 
25 signal, that is, the light of a wavelength k of an input port I n being unaffected by the 
seco id-switching OS elements, reaching the element OS nM+lM of the 'second- switching 
man igement-and-control' plane IW M+ i, can be routed within this management-and-control 
plan % and leave 3-D array 422 of optical switch (OS) elements as leftover signals Um*i X 
and/ >r Um.m+u which are carried over through the interfaces D^m+u and/or DIn^m^- 
to the management detectors D„, M +i,k and/or EW2,m+u, respectively (not shown here), 
and/ >r leave 3-D array 422 of optical switch (OS) elements as optical signals through 
outp at port Om-i 433 and/or through the supervisory output port Sm+i . 



30 
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FIG. 34 is a schematic diagram illustrating highlighting of the third-switching 
management-and-control layer or plane OW N+2 , of 3-D array 422 of optical switch (OS) 
eleme us of FIG. 25, together with an interface 434 for optically connecting third-switching 
mana* ement detectors, operatively connected to management and control logic mechanism 
5 238 v a interface 239, to the optical switch (OS) elements of this layer. 

FIG. 35 is a schematic diagram illustrating the switching and routing operations 
withi) the third-switching management-and-control layer, of 3-D array 422 of optical 
switcn (OS) elements of FIG. 25. Here is shown how a third-switching management 
signa , that is, the light being unaffected by the third-switching OS elements, reaching the 

10 elemtnt OSn+2^ of the 'third-switching management and control 1 plane OW N v2, can be 
route \ within this management-and-control plane, and leave 3-D array 422 of optical 
switcn (OS) elements as a leftover signal L^m* which is carried over through the 
interlace DI N +2,m,k to the management detector D^^n (not shown here), and/or leave 3-D 
array 422 of optical switch (OS) elements as an optical signal through the supervisory 

15 output port S w . 

One or more 'management AOXC's , as previously described and illustrated above, 
can te utilized to tap and route portions of managed optical signals for logical management 
and control of the operation of the 3-D array of optical switch (OS) elements. The group of 
managed signals can consist of any of the optical signals in conjunction with the 3-D array 

20 of of tical switch (OS) elements, that is, any of the input and output signals of the 3-D array 
of optical switch (OS) elements, or, any optical signal inside the 3-D array of optical switch 
(OS) elements. Furthermore, tapping and routing of managed signals can be performed by 
another 3-D array of optical switch (OS) elements (denoted as 'management 3-D array of 
optic a] switch (OS) elements'), instead of a 'management AOXC\ or, together with it, for 

2 5 exan iple, using a cascade configuration. 

Additional management-and-control layers can be added to the 3-D array of optical 
swit h (OS) elements, in addition to the 'second-switching management-and-control' and 
the 1 hird-switching management-and-control' layers mentioned above, for increasing the 
variety of output signals for management and control purposes, 

30 dddiQg and/or Drovvinv sinvle wavelenptiv ? or grou ps tfa eMifli QjjmslmM 

Dropping single wavelengths and/or groups of a plurality of wavelengths can be 
achi ;ved by connecting the input-residuals (Ii to In), or a subset thereof, to a 'DROP OP' 
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array uf the type (that is, DROP OP array 348, 348', respectively) previously described 
above and illustrated in FIGS. 17 and 18, respectively, and, activating the appropriate OS 
eleme its of the DROP OP' array for dropping the desired wavelengths from the 
input-iesiduals signals. 

5 Adding single wavelengths and/or groups of a plurality of wavelengths can be 

achieved by connecting the output of an 'ADD OP' array of the type (that is, ADD OP array 
340, >40\ respectively) previously described above and illustrated in FIGS. 17 and 18, 
respectively, into the output-grouping input ports (OGj to OGm) or a subset thereof, of the 
3-D array of optical switch (OS) elements. 
10 Wave l ength conversion and restoration 

Wavelength conversion may be needed in order to prevent blocking during the 
wavelength routing process. Restoration may be required when a routed path experiences 
too Diuch loss. 

There are many ways to implement wavelength conversion and restoration 

15 functions, The architecture presented here, in a similar way to the architecture previously 
described and illustrated above, is optimized for minimizing the number of detector/laser 
units maintaining a 'pool' of convert/restore units according to the maximal number of 
concurrent conversion/restoration required at any particular time, rather than a 
convert/restore unit per each combination of input fiber, wavelength and output fiber, 

20 Implementing the wavelength convert/restore functionality within the 3-D array of 

optic.il switch (OS) elements, is based on utilizing the add/drop mechanism described 
above. A wavelength X* to be converted/restored is dropped from the optical signal, routed 
to a invert/restore unit and the converted/restored wavelength \ y is added to the optical 
signil. When X x is not equal to \ y , the convert/restore unit operates as a converter, 

25 wheeas, when X x equals Xy, the convert/restore unit operates as a restorer. Maximum 
flexibility is achieved when the convert/restore units employ tunable lasers since a tunable 
lasej may be used for conversion/restoration of different wavelengths at different times. 
Seal ibilitv and exte ndibilitv of the 3-D architecture representation 

With respect to extendibility, the just described and illustrated 3-D architecture 

30 representations of the system of the present invention is extendable in the number of input 
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ports, the number of output ports, and/or, in the number of wavelengths supported, as 
follow,-*, with reference to exemplary embodiment 420 of FIG. 25: 

For increasing the number of input ports 430, the number of planes in 3-D array 422 
of opt :al switch (OS) elements 204 along I axis 424 is extended. 

For increasing the number of output ports 432, the number of planes in 3-D array 
422 o ' optical switch (OS) elements 204 along 0 axis 428 is extended. 

For increasing the maximal number of wavelengths 436, the number of planes in 
3-D a ray 422 of optical switch (OS) elements 204 along W axis 426 is extended. 

In all cases, the number of elements increases linearly with the increase in 
capability. In most cases of implementation, this makes allocation of resources very 
reaso lable for future expansion of the multichannel optical communication system, 

With respect to spatial scalability, in general, 3-D array 422 of optical switch (OS) 
elements 204 may come in particular 'standard' sizes, smaller than the sizes required for 
actus; implementation. The desired sized 3-D array, however, may be implemented by 
concatenating, via optical fibers and/or connectors, several, smaller sized 3-D arrays of 
optic il switch (OS) elements. 

Thus, it is understood from the embodiments of the invention herein described and 
illustrated, above, that the method and system for switching and routing, while logically 
managing and controlling, multichannel optica) signals in an optical communication 
syste.n, of the present invention, are neither anticipated or obviously derived from the 
"Ele( tro holographic Wavelength Selective Photonic Switch For WDM Routing", as 
disclosed in PCT Pat Application. Publication No. WO 01/07946 and in co-filed U.S. Pat. 
Appl , cation. No. 09/621,874. 

It is also appreciated that certain features of the invention, which are, for clarity, 
desc ibed in the context of separate embodiments, may also be provided in combination in a 
single embodiment, Conversely, various features of the invention, which are, for brevity, 
desc ibed in the context of a single embodiment, may also be provided separately or in any 
suit* ble subcombination. 

All publications, patents and patent applications mentioned in this specification are 
here n incorporated in their entirety by reference into the specification, to the same extent as 
if ee;h individual publication, patent or patent application was specifically and individually 
indicated to be incorporated herein by reference. In addition, citation or identification of 
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any n Terence in this application shall not be construed as an admission that such reference 
is available as prior art to the present invention. 

While the invention has been described in conjunction with specific embodiments 
and e samples thereof* it is evident that many alternatives, modifications and variations will 
be apparent to those skilled in the art. Accordingly, it is intended to embrace all such 
altera itives, modifications and variations that fall within the spirit and broad scope of the 
appeided claims. 



